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1 Einleitung und Zielstellung 
1.1  Einleitung











GHU *HQWHFKQLN RGHU *HQWHFKQRORJLH GDU Ä8QWHU GHP %HJULII *HQWHFKQRORJLH YHU
VWHKW PDQ0HWKRGHQ ]XU %LOGXQJ QHXHU .RPELQDWLRQHQ JHQHWLVFKHQ0DWHULDOV XQG
]XU:LHGHUHLQIKUXQJXQG9HUPHKUXQJGHU UHNRPELQDQWHQ1XNOHLQVlXUHPROHNOH LQ
QHXHU XQQDWUOLFKHU 8PJHEXQJ³ :,11$&.(5  'LHVH 'HILQLWLRQ VFKOLHW
DXFK GLH *HQDQDO\WLN HLQ ZHLO EHL PROHNXODUELRORJLVFKHQ 9HUIDKUHQ ZLH GHU 3&5
NXU]H 1XNOHLQVlXUHPROHNOH JHELOGHW XQG LP 5HDNWLRQVJHIl ]\NOLVFK YHUPHKUW
ZHUGHQ -81*%b&.  GHILQLHUWH GLH *HQWHFKQRORJLH DOV Ä$QZHQGXQJ ELROR
JLVFKHU FKHPLVFKHU XQG SK\VLNDOLVFKHU 0HWKRGHQ DXI GLH 1HXNRQVWUXNWLRQ GHV
(UEJXWHV³1DFK-$+5(,6XPIDVVWGLH*HQWHFKQLNÄGLH6XPPHDOOHU0HWKR
GHQ ]XU ,VROLHUXQJ&KDUDNWHULVLHUXQJ JH]LHOWHQ9HUlQGHUXQJXQGhEHUWUDJXQJ YRQ
(UEJXW³ 'LH *HQWHFKQRORJLH ZLUG LP HQJOLVFKVSUDFKLJHQ 5DXP YLHOIDFK DOV
%HVWDQGWHLOGHU%LRWHFKQRORJLHDQJHVHKHQ$QJHVLFKWVGHUZLQ]LJHQ0ROHNOPHQJHQ
PLW GHQHQ LQ GHU *HQDQDO\WLN KDQWLHUW ZLUG N|QQWH VLH GHU Ä1DQRELRWHFKQRORJLH³
]XJHUHFKQHWZHUGHQ,Q'HXWVFKODQGZLUGDXV*UQGHQGHULPPHUQRFKYHUEUHLWHWHQ
9RUEHKDOWH JHJHQ GLH Ä*UQH *HQWHFKQLN³ ]ZLVFKHQ *HQWHFKQLN*HQWHFKQRORJLH
HLQHUVHLWV XQG%LRWHFKQLN%LRWHFKQRORJLH DQGHUHUVHLWV XQWHUVFKLHGHQ (QWVSUHFKHQG
IKUW HLQ DNWXHOOHU 7DVFKHQDWODV EHLGH :LVVHQV]ZHLJH LP 7LWHO 6&+0,' 
:HVHQWOLFKVWHV 8QWHUVFKHLGXQJVPHUNPDO GHU %LR ]XU *HQWHFKQRORJLH LVW GDVV
HUVWHUH nicht PLW 9HUlQGHUXQJHQ LP *HQRP YHUEXQGHQ LVW 'LH EHL ZDUPEOWLJHQ
:LUEHOWLHUHQ YRUJHQRPPHQHQ JHQWHFKQLVFKHQ $NWLYLWlWHQ ZHUGHQ ZHJHQ GHU 9HU
ZDQGWVFKDIWYRQ7LHUXQG+XPDQJHQRPRIWGHUÄ5RWHQ*HQWHFKQLN³]XJHRUGQHW'LH






































2EZRKO EHUHLWV  DOV HUVWHV WUDQVJHQHV 7LHU HLQH0DXV JHVFKDIIHQ ZXUGH XQG
VHLWGHP LQWHQVLY DQ JHQRPLVFKHQ 9HUlQGHUXQJHQ EHL 7LHUHQ JHIRUVFKW ZLUG H[LV
WLHUHQELVKHUZHOWZHLWQRFKNHLQH=XODVVXQJHQIUWUDQVJHQH7LHUHGLHDOV1DKUXQJV
OLHIHUDQWHQ GLHQHQ *g7= XD  -$+5(,6 XQG .5$)7 D 'LH 8UVDFKH
KLHUIU EHVWHKW LQ GHQ LP 9HUJOHLFK ]X 3IODQ]HQ JU|HUHQ 6FKZLHULJNHLWHQ IUHPGH
*HQDEVFKQLWWH LQ GDV WLHULVFKH *HQRP JH]LHOW ]X LPSODQWLHUHQ ]XU ([SUHVVLRQ ]X
EULQJHQXQGEHU*HQHUDWLRQHQVWDELOYHUHUEHQ]X ODVVHQVRZLHGHQGDPLWYHUEXQ
GHQHQK|KHUHQ.RVWHQIUWUDQVJHQH2UJDQLVPHQ$OOHUGLQJVOLHJHQIUWUDQVJHQH)L
VFKH LQ GHQ86$ .DQDGD .XED XQG&KLOH LQ]ZLVFKHQ EHUHLWV $QWUlJH ]XU0DUNW
]XODVVXQJYRUg.2,167,7876&+5(&.(1%(5*
(LQHHUVWHXPIDQJUHLFKHGHXWVFKVSUDFKLJHhEHUVLFKW]X$QZHQGXQJHQXQG*UHQ]HQ





- 9HUEHVVHUXQJ GHU 5HSURGXNWLRQ VRZLH GHU 6\QWKHVH XQG 3URGXNWLRQVOHLVWXQJ
%HVFKOHXQLJXQJ GHV :DFKVWXPV 0,/(:6., XQG (//(1'25)) 
-$+5(,6XQG.5$)7E











+$1.(/1XQG6&+0,'7 KREHQ LQHLQHUhEHUVLFKWEHU WUDQVJHQH7LHUH LQ






'LH 7DEHOOH  ]HLJW ZLFKWLJH KLVWRULVFKH (QWZLFNOXQJVVWXIHQ DXI GHP :HJH ]X
JHQWHFKQLVFK YHUlQGHUWHQ 2UJDQLVPHQ *92 LP 7LHUUHLFK DXI $XV GHQ $QJDEHQ
ZLUG GHXWOLFK GDVV GLH =LHOVHW]XQJ GHU )RUVFKXQJVDUEHLWHQ ]XQlFKVW LQ GHU
(U]HXJXQJ YRQ ÄWLHULVFKHQ %LRUHDNWRUHQ³ *HQH 3KDUPLQJ EHVWDQG XQG VLFK DXFK
DXI GLHVHP *HELHW HUVWH (UIROJH HLQVWHOOWHQ 'LH 7DWVDFKH GDVV GLH 0LOFK HLQHU
JHNORQWHQ WUDQVJHQHQ -HUVH\.XK LQ $UJHQWLQLHQ GHQ -DKUHVEHGDUI GHV /DQGHV DQ
PHQVFKOLFKHP :DFKVWXPVKRUPRQ K*+ DEGHFNHQ NDQQ QG DJULIXWXUH 
NHQQ]HLFKQHW GHQ HUUHLFKWHQ6WDQG GHU(QWZLFNOXQJ6\QWKHWLVFK SURGX]LHUWHV K*+
LVW XP   WHXUHU 3UREOHPH EHVWHKHQ DEHU QRFK EHL GHU $EWUHQQXQJ GHV
=LHOSURGXNWHVDXVGHU0LOFK

Tabelle 1:  0HLOHQVWHLQHLQGHUWUDQVJHQHQ7LHU%LRUHDNWRU7HFKQRORJLHQDFK:$//
XDVRZLH:$//
Jahr Leistung Literatur 






WUDQVJHQHU 7LHUH KXPDQHU*HZHEHSODVPLQRJHQDNWLYDWRU 
0DXV
*25'21XD




















.HQQWQLVVH ]XP *HQRP ODQGZLUWVFKDIWOLFKHU 1XW]WLHUH YHUEXQGHQ ,QIROJH GHU ZLUW
VFKDIWOLFKHQ %HGHXWXQJ GHU 0LOFKSURGXNWLRQ XQG GHU 3URWHLQ]XVDPPHQVHW]XQJ IU
0LOFKYHUDUEHLWXQJVSURGXNWH ZLH .lVH ZXUGH GLH 3ULPlUVWUXNWXU GHU ZLFKWLJVWHQ
.XKPLOFKSURWHLQH EHUHLWV LQ GHQ VLHE]LJHU -DKUHQ GHV  -DKUKXQGHUWV DXIJHNOlUW
7DE  1DFKGHP GHU JHQHWLVFKH &RGH YRQ  ELV  YRU DOOHP GXUFK GLH
$UEHLWVNUHLVHXP1,5(1%(5*2&+2$VRZLH.+25$1$HQWVFKOVVHOWZRUGHQZDU
NRQQWHQ DQKDQG GHU EHNDQQWHQ $PLQRVlXUHVHTXHQ]HQ IU GLH *HQVHTXHQ]HQ GHU
0LOFKSURWHLQH'1$6RQGHQV\QWKHWLVLHUWZHUGHQ%HLGHU3URWHLQELRV\QWKHVHIXQJLHUW
 
LP 7UDQVNULSWLRQVSUR]HVV P51$ DOV 0DWUL]H GD VLH GHQ FRGLHUHQGHQ %HUHLFK GHU
*HQH UHSUlVHQWLHUW $OV HV JHODQJ DXV GHP (XWHUJHZHEH ODNWLHUHQGHU .KH UHLQH
HLQVWUlQJLJHP51$ ]X LVROLHUHQ ZDU HVP|JOLFK VLH HOHNWURSKRUHWLVFK LQ HLQ]HOQH
)UDNWLRQHQDXI]XWUHQQHQXQGGLHVHPLW+LOIH GHV(Q]\PV5HYHUVH7UDQVNULSWDVH LQ
F'1$P51$+\EULGH]XEHUIKUHQ8QWHU(LQVDW]YRQZHLWHUHQ(Q]\PHQ51DVH+
XQG 3RO\PHUDVH , HQWVWDQGHQ DXV GHQ +\EULGPROHNOHQ GRSSHOVWUlQJLJH F'1$
)UDJPHQWH 'LH LQWHUHVVLHUHQGHQ GRSSHOVWUlQJLJHQ F'1$6HTXHQ]HQ ZXUGHQ PLW
+LOIHGHV(Q]\PV/LJDVHPLW'1$&RVPLGRGHU3ODVPLGYHNWRUHQYHUEXQGHQ1DFK
GHU(LQVFKOHXVXQJ GLHVHU UHNRPELQDQWHQ F'1$,QVHUWV LQ %DNWHULHQ]HOOHQZDU HLQH
HIIHNWLYH 9HUPHKUXQJ .ORQLHUXQJ GHU ([RQEHUHLFKH XQG LKUH /DJHUXQJ DOV VR
JHQDQQWH F'1$%LEOLRWKHNHQ P|JOLFK (LQ 6FUHHQLQJ GHU F'1$%LEOLRWKHN XQG GLH
=XRUGQXQJ GHU F'1$.ORQH ]X GHQ HLQ]HOQHQ0LOFKSURWHLQHQ HUIROJWH GXUFK GHUHQ
+\EULGLVLHUXQJ PLW VSH]LILVFKHQ UDGLRDNWLY PDUNLHUWHQ '1$6RQGHQ YJO (,&.
+2))DE

Tabelle 2: (UVWSXEOLNDWLRQHQ ]XU 3ULPlUVWUXNWXU YRQ 0LOFKSURWHLQHQ QDFK (,*(/
XDVRZLH)$55(//MUXD









,Q GHQ F'1$%LEOLRWKHNHQ GHU 7LHUSURGXNWLRQVIRUVFKXQJ ZXUGHQ GDPDOV YRU DOOHP
*HQDEVFKQLWWH JHVSHLFKHUW XQG NORQLHUW GLH IU HLQH .RGLHUXQJ GHU 0LOFKSURWHLQH







GHU 1XNOHLQVlXUH+\EULGLVLHUXQJ GXUFK 6287+(51%ORW7HFKQLN 6287+(51
 RGHU DQGHUHQ +\EULGLVLHUXQJVPHWKRGHQ YJO 0(,1.27+ XQG:$+/ 
XQWHU (LQVDW] YRQ UDGLRDNWLYPDUNLHUWHQ'1$6RQGHQ ,P(UJHEQLV GLHVHU (QWZLFN
OXQJ ZDU HV QXQ P|JOLFK 0LOFKSURWHLQ$OOHOW\SHQ DXI '1$(EHQH ]X LGHQWLIL]LHUHQ
XQG GLHVH ,QIRUPDWLRQ LQ GHU 7LHU]XFKW ]X QXW]HQ *252'(76.,, XD 
/e9e=,(/XD 352.23XD .h+1)g567(5XQG*5$0/
 3DUDOOHO VSDOWHWH PDQ DXFK GLH JHVDPWH JHQRPLVFKH '1$ DXV .HUQHQ GHU
VRPDWLVFKHQ =HOOHQ YRQ 5LQGHUQ PLW 5HVWULNWLRQVHQ]\PHQ XP EHU GLH QDFK
JHZLHVHQHQ 5)/3 %H]LHKXQJHQ ]X 0LOFKOHLVWXQJVPHUNPDOHQ ]X HUNHQQHQ
6+,.+29XD%HUHLWVJDEHQ+$//(50$11XDHLQHhEHUVLFKWEHU
GLH 5)/3 EHLP 0LOFKULQG XQG EHU LKUH 1XW]XQJVP|JOLFKNHLWHQ ]XU JHQHWLVFKHQ
9HUEHVVHUXQJGHUWLHULVFKHQ/HLVWXQJHQ
'LH  YRQ 08//,6 HQWZLFNHOWH 3RO\PHUDVH.HWWHQUHDNWLRQ SRO\PHUDVH FKDLQ







WXQJGHU UDGLRLVRWRSIUHLHQ3&5$QDO\WLN UDVFK YRQGLHVHU YHUGUlQJW'LH3&5$QD






 HQWZLFNHOWHQ 0$;$0 XQG *,/%(57 VRZLH 6$1*(5 XD 0HWKRGHQ ]XP
VWXIHQZHLVHQ $EEDX GHU '1$ IU GLH H[DNWH (UPLWWOXQJ GHU 5HLKHQIROJH LKUHU
(LQ]HOEDXVWHLQH6HTXHQ]DQDO\VHGHU1XNOHRWLGEDVHQ,QGHQDFKW]LJHU-DKUHQGHV
 -DKUKXQGHUWV NRQQWHQ GXUFK GLHVH 6HTXHQ]DQDO\VHPLW GHQ0LOFKSURWHLQJHQHQ




Tabelle 3: (UVWSXEOLNDWLRQHQ YRQ '1$6HTXHQ]HQ IU 0LOFKSURWHLQ*HQH QDFK
.h+1










































































GLH *HQRPDQDO\VHQ ]XU (UVWHOOXQJ GHU NRPSOHWWHQ *HQNDUWHL ODQGZLUWVFKDIWOLFKHU
1XW]WLHUHZHVHQWOLFKEHVFKOHXQLJW'LH*HQRPHGHU7LHUDUWHQ5LQGXQG+XKQVLQGLQ
]ZLVFKHQ DXIJHNOlUW .+$7.$5 XD  11 F GSD  =X GLHVHP
)RUWVFKULWW KDW GLH (QWVFKOVVHOXQJ GHV *HQRPV QLHGHUHU 2UJDQLVPHQ %DNWHULHQ
+HIH :XUP YJO %/2+0  XQG EHVRQGHUV GHV +XPDQJHQRPV EHLJHWUDJHQ
(LQHhEHUVLFKWEHUGHQ]HLWOLFKHQ$EODXIGHU3KDVHQGHV+XPDQJHQRPSURMHNWHVELV
 LVW EHL+$00$5  ]X ILQGHQZlKUHQG6&+8/=(.5(0(5  GHQ
]HLWJOHLFKHQ 6WDQG ]X DXVJHZlKOWHQ 'DWHQEDQNHQ IU GLH 0ROHNXODUELRORJLH GDU
VWHOOWH$P*HQRPYRQ6FKZHLQ6FKDI=LHJHXQG3IHUGZLUGJHJHQZlUWLJ LQWHQVLY
 
JHDUEHLWHW /22)7 XQG .$/0  $J(  'HU 3UlVLGHQW GHU 'HXWVFKHQ
/DQGZLUWVFKDIWVJHVHOOVFKDIWJHKWGDYRQDXVGDVVELVGLH*HQRPIRUVFKXQJEHL
0HQVFK 7LHU XQG 3IODQ]H GXUFKJHKHQG YHUQHW]W VHLQ ZLUG YRQ GHP %86&+(
 1HXH *HQVHTXHQ]LHUXQJVWHFKQLNHQ YJO 0$5*8/,(6 XD  VRZLH
0HWKRGHQ ]XU $PSOLILNDWLRQ YRQ F51$ YJO '211(5 XD  ZHUGHQ GLHVH
(QWZLFNOXQJVWDUNEHVFKOHXQLJHQ

hEHU GHQ DNWXHOOHQ 6WDQG XQG GLH 3HUVSHNWLYHQ GHU ÄPROHNXODUHQ 7LHU]XFKW³
EHULFKWHWHQLQMQJVWHU=HLW)5,(6XQG7+$//(5:2/)526&+/$8





%HLP 5LQG ZHUGHQ LQ]ZLVFKHQ (UEIHKOHU ZLH %/$' XQG &90 LQ GHU =XFKWEXFK
RUGQXQJGHUGHXWVFKHQ=XFKWYHUElQGHEHUFNVLFKWLJW '+9'LH$QJDEHQ LQ
7DEHOOH GUIWHQ DEJHVHKHQ YRP8QWHUVXFKXQJVXPIDQJHEHQVR IUDOOHDQGHUHQ
%XQGHVOlQGHU]XWUHIIHQ'LH7\SLVLHUXQJYRQ3UIEXOOHQKLQVLFKWOLFKYRQ*HQHQGLH
PLWGHU0LOFKOHLVWXQJDVVR]LLHUW VLQGHUIROJWJHJHQZlUWLJ WHVWZHLVH LP5DKPHQGHV
)8*$723URMHNWHV FuQNWLRQHOOHGHQRPaQDO\VH tLHULVFKHUOUJDQLVPHQ 'LH IUKH







Tierart Diagnoseziel seit wann  
vorgenommen
untersuchte Tiere  
pro Jahr 
3IHUG $EVWDPPXQJVQDFKZHLV  
5LQG $EVWDPPXQJVQDFKZHLV  FD7HVWXQG
'HFNEXOOHQ%XOOHQNlOEHU




5LQG 47/TXDQWLWDWLYHWUDLWORFL  FD%XOOHQ
5LQG .DSSD&DVHLQ*HQRW\S  FD%XOOHQ
6FKZHLQ $EVWDPPXQJVQDFKZHLV  
6FKZHLQ 0+65HVLVWHQ]  
6FKDI $EVWDPPXQJVQDFKZHLV  FD














%OLFN IU ]XNQIWLJH (QWZLFNOXQJHQ ]X VFKlUIHQ XQG GDPLW GHP =LWDW YRQ 48$'
%(&.6((*(5  ]X IROJHQ Ä(V LVW VFKZLHULJ GHQ %OLFN LQ GLH =XNXQIW ]X
ZDJHQDEHUHVLVWYHUDQWZRUWXQJVORVHVQLFKWWXQ]XZROOHQ³
'LH 1RWZHQGLJNHLW XQG GLH %HGHXWXQJ HLQHU VROFKHQ 'DUVWHOOXQJ ]XP 6WDQG GHU
$QZHQGXQJ YRQ*HQWHFKQLN XQG*HQDQDO\WLN LQ GHU 7LHUSURGXNWLRQ HUJLEW VLFK DXV
GHP QDFKIROJHQGHQ =LWDW DXV HLQHP *XWDFKWHQ GHV :LVVHQVFKDIWOLFKHQ %HLUDWHV
$JUDUSROLWLN QDFKKDOWLJH /DQGEHZLUWVFKDIWXQJ XQG (QWZLFNOXQJ OlQGOLFKHU 5lXPH
EHLP %09(/ )OHLVFKZLUWVFKDIW  Ä)U GLH GHXWVFKH /DQGZLUWVFKDIW VWHOOW GLH
1XW]WLHUKDOWXQJGLHZLFKWLJVWH(LQNRPPHQVTXHOOHGDU9RQGHQNDSS0LOOLDUGHQ¼
9HUNDXIVHUO|VHQ GHU GHXWVFKHQ /DQGZLUWVFKDIW HQWIDOOHQ UXQG   DXI WLHULVFKH
(U]HXJQLVVH³'LHVHU6DFKYHUKDOWZLUGDXFKLPMQJVWHQ*HVFKlIWVEHULFKWGHV'HXW
VFKHQ %DXHUQYHUEDQGHV EHVWlWLJW '%9  ,6(50(<(5  VRZLH 1,(
0$11  JHKHQ LQ LKUHQ3URJQRVHQGDYRQDXV GDVVGLH%LR XQG*HQ
WHFKQRORJLH LQ DOOHQ %HUHLFKHQ GHU 0LOFKHU]HXJXQJ E]Z 7LHUSURGXNWLRQ HLQH 5ROOH
VSLHOHQZHUGHQ

$QJHVLFKWV GHU LQ %UHLWH 9LHOIDOW XQG *HVFKZLQGLJNHLW DXFK LP $JUDUEHUHLFK IRUW
VFKUHLWHQGHQ (QWZLFNOXQJ YRQ *HQWHFKQLN XQG %LRWHFKQRORJLH NDQQ GLHVHU %HULFKW
QXU HLQH 0RPHQWDXIQDKPH GDUVWHOOHQ GLH NHLQHQ $QVSUXFK DXI 9ROOVWlQGLJNHLW HU
KHEWGDHLQHHLQLJHUPDHQDNWXHOOH*HVDPWEHUVLFKW]XGLHVHU7KHPDWLNYRQHLQHP
HLQ]HOQHQ$XWRUQLFKWPHKU]XOHLVWHQLVW'LHEHLGHU(U]HXJXQJWUDQVJHQHU7LHUHXQG
LQ GHU *HQDQDO\WLN HLQJHVHW]WHQ 0HWKRGHQ ZHUGHQ QXU VWLFKZRUWDUWLJ HUZlKQW (V
EHVWDQGQLFKWGLH$EVLFKWGLH7UDQVJHQHVHPHWKRGHQXQGLKUH3UREOHPHDXVIKUOLFK
GDU]XOHJHQ 'HU %HULFKW EHKDQGHOW YRUZLHJHQG GHQ (LQVDW] GHU *HQWHFKQLN EHL




LKUH ([LVWHQ] PLW GHU 1XW]WLHUKDOWXQJ XQWUHQQEDU YHUEXQGHQ LVW WUDQVJHQH )XWWHU
PLWWHO XQG =XVDW]VWRIIH JHQWHFKQLVFK KHUJHVWHOOWH 7LHUPHGLNDPHQWH *HQWKHUDSLH




O\WLN *HQRPLN 7UDQVNULSWRPLN XQG NODPPHUW GLH 3URWHRPLN DXV ZHLO EHL GLHVHU
3URWHLQHXQG3HSWLGHJHWUHQQWXQGGHWHNWLHUWZHUGHQ%HLGHU/LWHUDWXUDXVZHUWXQJ]XU
*HQDQDO\WLN IDQGHQ YRU]XJVZHLVH)DFKSXEOLNDWLRQHQDE%HUFNVLFKWLJXQJ GD
GLHLQGHUlOWHUHQ/LWHUDWXUGRPLQLHUHQGHQ%ORWWLQJ6RQGHQK\EULGLVLHUXQJV0HWKRGHQ
GXUFK LPPHU OHLVWXQJVIlKLJHUH3&59HUIDKUHQ XQG0LFURDUUD\7HFKQLNHQ YHUGUlQJW
ZXUGHQ
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$'5     $UEHLWVJHPHLQVFKDIW'HXWVFKHU5LQGHU]FKWHU
$'7     $UEHLWVJHPHLQVFKDIW'HXWVFKHU7LHU]FKWHU
$)/3     DPSOLILHGIUDJPHQWOHQJWKSRO\PRUSKLVP
$I7     $NDGHPLHIU7LHUJHVXQGKHLW
$+2     DQLPDOKHDOWKRQOLQH




$03/,),.$7,21 9HUYLHOIlOWLJXQJ KLHU 9HUYLHOIlOWLJXQJ HLQHV *HQDEVFKQLWWHV










%$))     %XQGHVDQVWDOWIU)OHLVFKIRUVFKXQJHKHPDOLJH
%$6(13$$581* GLH GXUFK :DVVHUVWRIIEUFNHQ YHUPLWWHOWH %LQGXQJ ]ZLVFKHQ
GHQ 3XULQ XQG 3\ULPLGLQEDVHQ GHU 1XNOHLQVlXUHQ *XDQLQ
&\WRVLQVRZLH$GHQLQ7K\PLQEHL'1$E]Z$GHQLQ8UDFLOEHL
51$




GLH EHL 5LQGHUQ GHU 5DVVH +ROVWHLQ )ULHVLDQ DXIWULWW 'LH 8U
VDFKHLVWHLQH3XQNWPXWDWLRQDXIGHP&'*HQ







%09(/ %XQGHVPLQLVWHULXP IU 9HUEUDXFKHUVFKXW] (UQlKUXQJ XQG
/DQGZLUWVFKDIW
%2;UHS$3' DPSOLILHG SRO\PRUSKLF '1$ ZLWK SULPHU IURP UHSHWLWLYH %R[
VHTXHQFHRIEDFWHULD
ES %DVHQSDDUHYRQ1XNOHLQVlXUHQ
%6(     %RYLQH6SRQJLIRUPH(Q]HSKDORSDWKLH
%67     %RYLQHV6RPDWRWURSLQ
%7$     %RVWDXUXVDXWRVRPH
%9') %XQGHVYHUEDQGGHU'HXWVFKHQ)OHLVFKZDUHQLQGXVWULH
&*+     FRPSDUDWLYHJHQRPLFK\EULGL]DWLRQ
&+(0,&$/*(120,&6 (LQIOXVVYRQ&KHPLNDOLHQNOHLQHRUJDQLVFKH0ROHNOHDXIGLH
JHQRPLVFKH6WHXHUXQJGHU=HOOIXQNWLRQ
&+,0b5(1 VLQG ,QGLYLGXHQ GHUHQ*HZHEH VLFK LP HLQIDFKVWHQ )DOO YRQ
]ZHL*HQRW\SHQKHUOHLWHWGK LQGHQHQ=HOOSRSXODWLRQHQYRQ
]ZHL RGHUPHKU =\JRWHQ NRH[LVWLHUHQ$XIPROHNXODUHP1L
YHDXZLUGGHU%HJULII'1$&KLPlUHKlXILJEHQXW]WXP0ROH
NOH]XEH]HLFKQHQGLHGXUFK UHNRPELQDQWH'1$7HFKQLNHQ
JHELOGHW ZXUGHQ XQG 1XNOHRWLGVHTXHQ]HQ QLFKWYHUZDQGWHU
4XHOOHQHQWKDOWHQ
&+520$7,1 .RPSOH[ DXV '1$ +LVWRQHQ XQG 1LFKWKLVWRQSURWHLQHQ LQ
&KURPRVRPHQHXNDU\RQWLVFKHU=HOOHQ
 
&+5202620(1 LQ MHGHP=HOONHUQ YRQ K|KHUHQ /HEHZHVHQ LQ DUWVSH]LILVFKHU
$Q]DKO XQG *HVWDOW HQWKDOWHQH *HELOGH VLH HQWKDOWHQ XD
HLQHQ '1$)DGHQ DXI GHP GLH (UELQIRUPDWLRQHQ *HQH
OLQHDUDQJHRUGQHWVLQG
&+5202620(1 FKURPRVRPDOH9HUlQGHUXQJHQHXSORLGH =DKO





&,675$16:,5.81* (LQ ÄLQ FLV³ ZLUNHQGHV JHQHWLVFKHV (OHPHQW ZLH ]% HLQ
(QKDQFHU EHHLQIOXVVW DXVVFKOLHOLFK GLH ELRORJLVFKH$NWLYLWlW
YRQ'1$6HTXHQ]HQDXIGHPVHOEHQ'1$0ROHNODXIGHP
HVVHOEVWORNDOLVLHUWLVW,P*HJHQVDW]GD]XEHHLQIOXVVWHLQÄLQ
WUDQV³ ZLUNHQGHV (OHPHQW PHLVW HLQH 3URWHLQ QLFKW QXU GDV












UHFKQHULVFKHQ =XVDPPHQEDX ÄDVVHPEO\³ YRQ EHUODSSHQ
GHQ'1$)UDJPHQWHQLP&RPSXWHUHQWVWHKW









'(/(7,21(1 RGHU 'HIL]LHQ]HQ VLQG 9HUOXVWH FKURPRVRPDOHQ 0DWHULDOV
&KURPRVRPHQDEHUUDWLRQHQ*HQPXWDWLRQHQ
'+9     'HXWVFKHU+ROVWHLQ9HUEDQG
',3/2,' GLSORLGH=HOOHQRGHU2UJDQLVPHQHQWKDOWHQ]ZHL6lW]HKRPR




'1$ 'HVR[\ULERQXNOHLQVlXUH  7UlJHUPROHNO GHU (UELQIRUPDWLRQ
EHVWHKW DXV ]ZHL EHU :DVVHUVWRIIEUFNHQ PLWHLQDQGHU YHU
EXQGHQHQ1XNOHRWLGNHWWHQ
FRS\ %H]HLFKQXQJ IUGLHHLQ]HOE]ZGRSSHOVWUlQJLJH'1$.RSLH
HLQHV 51$0ROHNOV DXV 51$ WUDQVNULSLHUWH '1$ $ENU
]XQJF'1$DXFKDOVFRPSOHPHQWDU\'1$EH]HLFKQHW
 GRSSHOVWUlQJLJH  GV'1$GRXEOHVWUDQG'1$
 JHQRPLVFKH   1$DXV=HOONHUQHQQXF'1$ QXNOHlUH'1$
(LQ]HOVWUDQJ (LQ]HOVWUDQJ'1$(6'1$VV'1$VLQJOHVWUDQG'1$
 (67'1$   VLQJOHVWUDQGHGWHPSODWH'1$VVW'1$
 0DWUL]HQ'1$  HPSODWH'1$W'1$





6DWHOOLWHQ HQWZHGHU OHLFKWHUH $7UHLFKH RGHU VFKZHUHUH *&UHLFKH
'1$LP9HUJOHLFK]XU+DXSW'1$
WUDQVJHQH HLQH LP :LUWVJHQRP QDWUOLFKHUZHLVH QLFKW YRUNRPPHQGH
'1$6HTXHQ]IUHPGHU6SH]LHVW'1$
'1$9$.=,1,(581* ,PPXQLVLHUXQJ GXUFK %LOGXQJ YRQ$QWLN|USHUQ QDFK ,QMHNWLRQ
GHU '1$%UXFKVWFNH YRQ .UDQNKHLWVHUUHJHUQ LQ GHQ .|USHU
YRQ6lXJHWLHUHQ]%0LO]
GSD 'HXWVFKH3UHVVH$JHQWXU
(&212*(1(&216257,80 (XURSlLVFKHV 3URMHNW GDV PROHNXODUH *HQHWLN 6R]LRgNR
QRPLH XQG *HR6WDWLVWLN IU GLH QDFKKDOWLJH %HZDKUXQJ GHU
JHQHWLVFKHQ5HVVRXUFHQYRQ6FKDIXQG=LHJHNRPELQLHUW
()6$ (XURSlLVFKH%HK|UGHIU/HEHQVPLWWHOVLFKHUKHLW
(+(&     (QWHURKlPRUUKDJLVFKH(VFKHULFKLDFROL
(,$     (Q]\P,PPXQR$VVD\







(3,*(120 %HUHLFKH LP *HQRP GHUHQ &\WRVLQ%DVHQ PLWWHOV 0HWK\OLH
UXQJPRGLIL]LHUWZXUGHQ







(8.$5<217(1 3IODQ]HQXQG7LHUHPLW =HOOHQ GLH HLQHQ&KURPRVRPHQHQW






(;21 %HUHLFK HLQHV HXNDU\RQWLVFKHQ *HQV GHU EHU GLH P51$
H[SUHPLHUWZLUGXQGPHLVWHQV3URWHLQHNRGLHUW9HUVFKLHGHQH
([RQVVLQGGXUFK,QWURQVXQWHUEURFKHQ
(;35(66,21 KLHU *HQH[SUHVVLRQ 9RUJDQJ ]XU (U]HXJXQJ HLQHV*HQSUR












QHUH 0ROHNOH 2OLJRQXNOHRWLGH 3HSWLGH JHVSDOWHQ ZHUGHQ
$QVFKOLHHQG HUIROJW GLH HOHNWURSKRUHWLVFKH RGHU FKURPDWR
JUDSKLVFKH7UHQQXQJVRZLHGHU1DFKZHLVGHU6SDOWSURGXNWH











KLQDXV HLQH RGHU PHKUHUH =LHOIXQNWLRQHQ LP .|USHU SRVLWLY
EHHLQIOXVVHQ +LHUDXV HUJLEW VLFK HLQH 9HUEHVVHUXQJ GHU
*HVXQGKHLW XQG GHV :RKOEHILQGHQV XQG XQWHU 8PVWlQGHQ
HLQH9HUULQJHUXQJGHV(UNUDQNXQJVULVLNRVIUGHQ0HQVFKHQ
,KQHQ NRPPW HLQ SK\VLRORJLVFKHU RGHU JHVXQGKHLWOLFKHU =X
VDW]QXW]HQ]XGHUEHUGLH(IIHNWHGHUNODVVLVFKHQ1lKUVWRIIH
KLQDXVJHKW 'LHVH =XVDW]HIIHNWH XQWHUVFKHLGHQ VLFK DEHU
GHXWOLFKYRQGHQHQYRQ0HGLNDPHQWHQVRGDVVHLQHNODUH$E
JUHQ]XQJ ]XP $U]QHLPLWWHOVHNWRU EHVWHKW YJO *5$6+251
 (LQH UHFKWOLFK IHVWJHVFKULHEHQH 'HILQLWLRQ JLEW HV
]XU]HLWQXULQ-DSDQUHG
*$0(7(1 .HLP]HOOHQ HQWZHGHU 6SHUPDWR]RRQ]RHQ RGHU 2YXP
2YD %HL 6lXJHWLHUHQ LVW GDV PlQQOLFKH *HVFKOHFKW KHWH
URJDPHWLVFK;<XQGGDVZHLEOLFKHKRPRJDPHWLVFK;;%HL




*(1 '1$$EVFKQLWW DXI HLQHP &KURPRVRP GHU IU GLH %LOGXQJ
HLQHV 3URWHLQV EHQ|WLJW ZLUG 1HEHQ GHQ GLH 3URWHLQ]XVDP
PHQVHW]XQJ NRGLHUHQGHQ %HUHLFKHQ ([RQV HQWKlOW HU QRFK




*(1(;35(66,21   6\QWKHVHHLQHVIXQNWLRQHOOHQ3URWHLQV
*(1)$50,1* (U]HXJXQJ YRQ ODQGZLUWVFKDIWOLFKHQ 3URGXNWHQ PLW +LOIH




*(1.$66(77( HLJHQVWlQGLJ IXQNWLRQVIlKLJHU $EVFKQLWW HLQHV QDWUOLFKHQ
*HQV RGHU HLQHV 7UDQVJHQV GHU ]XPLQGHVW DXV 3URPRWRU
,QWURQ([RQXQG7HUPLQDWRU5HJLRQEHVWHKW
*(1./21,(581* HLQH 0HWKRGH 0LNURRUJDQLVPHQ IU GLH 3URGXNWLRQ YRQ 0LO




*(120+$&.,1* DXFK'1$+DFNLQJ EH]HLFKQHW GHQ3UR]HVVGHU(QWVFKOV
VHOXQJHLQHV*HQRPV
*(120,&,035,17,1* JHQRPLVFKH3UlJXQJHOWHUOLFKHU*HQHGXUFK0HWK\OLHUXQJYRQ
'1$%DVHQ &\WRVLQ EHL (XNDU\RQWHQ E]Z $GHQLQ EHL
3URNDU\RQWHQ RGHU GXUFK $FHW\OLHUXQJ E]Z 0HWK\OLHUXQJ









ZXUGH XQG QLFKW DXV GHU %RWHQ51$ P51$ GHU EOLFKHQ
4XHOOHIUF'1$.ORQH
*(127<3 GLH IU HLQHQ 2UJDQLVPXV FKDUDNWHULVWLVFKH $XVVWDWWXQJ PLW
*HQHQXQGJHQHWLVFKHQ(OHPHQWHQ
 
*(13+$50,1* (U]HXJXQJ YRQ SKDUPD]HXWLVFK QXW]EDUHQ 3URWHLQHQ RGHU
3HSWLGHQ LQ WUDQVJHQHQ 6lXJHWLHUHQ RGHU 3IODQ]HQ .RPEL
QDWLRQYRQ3KDUPDFHXWLFDOVXQG)DUPLQJDXFKDOV0ROHFXODU
)DUPLQJEH]HLFKQHW




$*(1$( $QDO\VH GHV*HQRPHV GHV $LPDX[ ¶(OHYDJH IUDQ]|VLVFKHV
GHP)8*$72HQWVSUHFKHQGHV)|UGHUSURJUDPP
%290$3   *HQRPDQDO\VH5LQG'HXWVFKODQG$'5,$'5,,
&KHPLVFKH*HQRPLN 0RGXOLHUXQJ GHU *HQSURGXNWH 3URWHLQH GXUFK FKHPLVFKH
6XEVWDQ]HQ 03*=HQWUXP &KHPLVFKH *HQRPLN LQ 'RUW
PXQG
'+*3    'HXWVFKHV+XPDQ*HQRP3URMHNW




*$%,    *HQRP$QDO\VHLPELRORJLVFKHQ6\VWHP3IODQ]H
*HQR0,.   *HQRPDQDO\VHYRQ0LNURRUJDQLVPHQ
*HQR3ODQWH )UDQ]|VLVFKHV*HQRPIRUVFKXQJVSURJUDPPIU3IODQ]HQ
+8*2    XPDQ*HQRPH2UJDQL]DWLRQ
+*3    +XPDQ*HQRP3URMHNW
,&*6& ,QWHUQDWLRQDO&KLFNHQ*HQRPH6HTXHQFLQJ&RQVRUWLXP
/$%*3 /DFWLF $FLG %DFWHULD *HQRPH 3URMHFW GHV -RLQW *HQRPH
,QVWLWXWH XQG GHV /DFWLF $FLG %DFWHULD *HQRPH &RQVRUWLXP
/$%&*-)RRG6FL69)06)06
3,*0$3   *HQRPDQDO\VH6FKZHLQ
3,*1(7   (XURSHDQ1HWZRUNIRU3LJ*HQRPLFV






















+$3/27<3 JHQHWLVFKH .RQVWUXNWLRQ HLQHV ,QGLYLGXXPV LQ %H]XJ DXI HLQ
$OOHORGHUPHKUHUH$OOHOH
+$837*(1    *HQGHVVHQNDXVDOH:LUNXQJEHNDQQWLVW
+(0,=<*27( EH]LHKWVLFKDXI*HQHXQG*HQORFLGLHQXUHLQPDOLP*HQRW\S
YRUKDQGHQ VLQG >]% DXI GHP ;&KURPRVRP LQ PlQQOLFKHQ
=HOOHQ;<@
+(3 +XPDQHV(SLJHQRPSURMHNW
+(7(523/$60,( $XIWUHWHQ YHUVFKLHGHQHU &\WRSODVPHQEHVWDQGWHLOH LQVEHVRQ
GHUHYHUVFKLHGHQHU0LWRFKRQGULHQ
 
+(7(52=<*27( ,QGLYLGXXP PLW HLQHP 3DDU YHUVFKLHGHQHU $OOHOH HLQHV EH
VWLPPWHQ*HQV
+,6721 EDVLVFKH FKURPRVRPDOH 3URWHLQH LQ &KURPRVRPHQ YRQ (X
NDU\RWHQ
+,9 KXPDQLPPXQRGHILHQF\YLUXV
+202=<*27( ,QGLYLGXXP PLW HLQHP 3DDU LGHQWLVFKHU $OOHOH HLQHV EH
VWLPPWHQ*HQV
+<%5,',6,(581* =XVDPPHQODJHUXQJ NQVWOLFK JHWUHQQWHU 1XNOHLQVlXUH






,0)     ,QWUDPXVNXOlUHV)HWW
,035,17,1*JHQRPLVFKHV XQWHUVFKLHGOLFKH([SUHVVLRQHLQHV$OOHOVRGHUFKURPRVRPDOHQ
$EVFKQLWWV MH QDFK HOWHUOLFKHU +HUNXQIW ]% GXUFK XQWHU
VFKLHGOLFKH0HWK\OLHUXQJGHU'1$%DVHQ
,06 LPPXQRPDJQHWLFVHSDUDWLRQ
,1'(/6 ]XVDPPHQIDVVHQGHU %HJULII GHU 0ROHNXODUJHQHWLNHU IU HYR
OXWLRQlUH JHQRPLVFKH 9HUlQGHUXQJHQ GXUFK ,QVHUWLRQHQ XQG
'HOHWLRQHQ
,16(57,21 KLHU (LQIJHQ YRQ *HQVHTXHQ]HQ E]Z HLQJHVFKREHQHV
FKURPRVRPDOHV0DWHULDOQLFKWKRPRORJHU+HUNXQIW
,16(57,216)5(48(1= +lXILJNHLW GHU ,QVHUWLRQ LQ GDV :LUWVJHQRP E]Z GLH
:LUWV]HOOHQ
LQVLOLFR GHU%HJULIIFKDUDNWHULVLHUW5HDNWLRQHQE]Z$EOlXIHGLHLQGHU
&RPSXWHUVLPXODWLRQ XQWHU 9HUZHQGXQJ YRQ VSH]LHOOHQ
3URJUDPPHQE]Z$OJRULWKPHQVWDWWILQGHQ
LQVLWX Z|UWOLFK ÄLQ RULJLQDOHU /DJH³ EHGHXWHW LQ HLQHU =HOOH RGHU
HLQHP2UJDQLVPXV
,17(*5$7,21 KLHU (LQEDXHLQHV'1$)UDJPHQWHV LQ HLQ DQGHUHV ]XPHLVW
JU|HUHV'1$0ROHNORGHULQHLQ&KURPRVRP
,175$%2',(6 LQWUD]HOOXOlUH$QWLN|USHU
,17521 $EVFKQLWW DXI HLQHP HXNDU\RQWLVFKHQ *HQ GHU HLQHQ
NRGLHUHQGHQ%HUHLFK([RQXQWHUEULFKW





,6$$ ,QWHUQDWLRQDO 6HUYLFH IRU WKH $FTXLVLWLRQ RI $JULELRWHFK
$SSOLFDWLRQV
,665 LQWHUVLPSOHVHTXHQFHUHSHDWV




YRQHLQHUHLQ]LJHQ=HOOHDEOHLWHQ%5(0  HLQ.ORQ LVW
HLQH XQJHVFKOHFKWOLFK DXV HLQHP 0XWWHURUJDQLVPXV HQWVWDQ
GHQHHUEJOHLFKH1DFKNRPPHQVFKDIW
./21(1±UHSURGXNWLYHV (UVWHOOXQJ YRQ /HEHZHVHQ DXV HLQHU HQWNHUQWHQ (L]HOOH XQG
GHP =HOONHUQ GHU VRPDWLVFKHQ =HOOH HLQHV 6SHQGHUV EHU
6FKZDQJHUVFKDIW E]Z 7UlFKWLJNHLW QDFK ,PSODQWDWLRQ GHU
%ODVWR]\VWHLQGLH*HElUPXWWHU








'1$)UDJPHQW HLQJHIJW ZLUG GDV LQ HLQH OHEHQGH =HOOH
EHUWUDJHQZHUGHQVROO
.203(7,7,9 KLHU HUJlQ]HQG GHP1XNOHLQVlXUHHLQ]HOVWUDQJHQWVSUHFKHQ
GHUNRPSOHPHQWlUHU1XNOHRWLGDEVFKQLWW
.203/(0(17$5,7b7 (LJHQVFKDIW VLFK JHJHQVHLWLJ ]X HUJlQ]HQ KLHU .RPSOH
PHQWDULWlW GHU %LQGXQJ GHU 1XNOHRWLGEDVHQ VLHKH %DVHQ
SDDUXQJ
.21*(1,7$/ DQJHERUHQ DXIJUXQG HLQHU (UEDQODJH EHL GHU *HEXUW YRU
KDQGHQ
.216758.7 %ORFN YRQ 1XNOHRWLGHQ *HQNDVVHWWH GLH HLQH )lKLJNHLW DQ




/(6(5$+0(1 7UDQVODWLRQVUDVWHU HLQH DQHLQDQGHU JUHQ]HQGH QLFKW EHU
ODSSHQGH5HLKHYRQ&RGRQVDXVGUHL1XNOHRWLGHQLQGHU'1$
RGHU51$
/)*% *HVHW] ]XU 1HXRUGQXQJ GHV /HEHQV XQG )XWWHUPLWWHOUHFKWHV
YRPÄ/HEHQVPLWWHOXQG)XWWHUPLWWHOJHVHW]EXFK³
/0%* /HEHQVPLWWHOXQG%HGDUIVJHJHQVWlQGH*HVHW]
/35$3'    ORQJSULPHUUDQGRPDPSOLILHGSRO\PRUSKLF'1$
0 0DUNHU  *HQDEVFKQLWW GHU HLQH EHVWLPPWH (LJHQVFKDIW KDW
RGHUKHUYRUUXIW
0$& PDPPDOLDQDUWLILFLDOFKURPRVRPH
0$)) -DSDQLVFKHV 0LQLVWHULXP IU /DQGZLUWVFKDIW )RUVWZLUWVFKDIW
XQG)LVFKHUHL





0(,26( VSH]LHOOH )RUP GHU =HOOWHLOXQJ GXUFK GLH (L XQG 6SHUPLHQ
]HOOHQ JHELOGHW ZHUGHQ 6LH EHVWHKW DXV ]ZHL DXIHLQDQGHU
IROJHQGHQ 7HLOXQJHQ PLW QXU HLQHU 5XQGH GHU '1$5HSOL
NDWLRQZRGXUFKYLHUKDSORLGH7RFKWHU]HOOHQDXVGHUGLSORLGHQ
$XVJDQJV]HOOHHQWVWHKHQ
0(7$%2/20,. 7HFKQRORJLH ]XU TXDQWLWDWLYHQ $QDO\VH GHU ]X HLQHP EH
VWLPPWHQ=HLWSXQNWXQGXQWHUGHWHUPLQLHUWHQ%HGLQJXQJHQLQ
HLQHU=HOOHLQHLQHP2UJDQLVPXVRGHULQHLQHUH[WUD]HOOXOlUHQ
.|USHUIOVVLJNHLW YRUKDQGHQHQ 0HWDEROLWHQ E]Z QLHGHU
PROHNXODUHQ 9HUELQGXQJHQ %RWHQVWRIIH (Q]\PH +RUPRQH
6WRIIZHFKVHOSURGXNWH DXHU %LRSRO\PHUHQ 0HWDERORPLFV
YJO%$80%$&+
0+& PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[ JURH JHQRPLVFKH 5HJLRQ




0,.526$7(//,7(1 '1$%HUHLFKH LQ GHQHQ EHVWLPPWH 1XNOHRWLGPXVWHU SHUPD
QHQWZLHGHUKROWZHUGHQ'LH/lQJHGLHVHUÄ5HSHDWV³ LVWSRO\
PRUSK]%NDQQHLQ$OOHOGLH6HTXHQ]^$7&$$>*7@$7*&7`
EHVLW]HQ ZlKUHQG GDV ]ZHLWH $OOHO GLH 6HTXHQ]
^$7&$$>*7@$7*&7`DXIZHLVW0(57(6XDVLHKH









LQWHJULHUW KDEHQ %(6(1)(/'(5  E]Z DXV HLQHU
0LVFKXQJYRQ=HOOHQPLWXQWHUVFKLHGOLFKHP*HQRW\SEHVWHKHQ







07 0HWDOORWKLRQHLQ 3URPRWRUJHQDEVFKQLWW GHU GXUFK $SSOLNDWLRQ
YRQ6FKZHUPHWDOOHQZLH=LQNDQJHVFKDOWHWZHUGHQNDQQ
087$%,/,7b7 8PIDQJGHU(LJQXQJYRQ'1$6HTXHQ]HQ]XU0XWDWLRQ
087$*(1 FKHPLVFKH $JHQ]LHQ XQG SK\VLNDOLVFKH 1R[HQ GLH LQ GHQ
(UELQIRUPDWLRQHQ0XWDWLRQHQDXVO|VHQ
087$*(1(6( $XVO|VHQYRQ0XWDWLRQHQGXUFKHLQ0XWDJHQ(VZLUGGLHXQ
JH]LHOWH ]XIlOOLJH VSRQWDQH0 YRQ GHU JH]LHOWHQ SRVLWLRQV
JHULFKWHWHQ0XQWHUVFKLHGHQ




(5*b1=81*60,77(/   6SXUHQHOHPHQWHQXQG$PLQRVlXUHQYJO*5$6+251
1*)1 1DWLRQDOHV *HQIRUVFKXQJVQHW] YRQ 'HXWVFKODQG 
JHJUQGHWYJO32867.$
11 ODWHLQLVFK ÄQRPHQ QHVFLR³ GHQ1DPHQZHL LFK QLFKW RGHU
ÄQRPHQQRPLQDQGXP³GHU]XQHQQHQGH1DPH
129(/)22' VLQG QDFK 9HURUGQXQJ (*  XQWHU DQGHUHP /HEHQV
PLWWHO GLH HQWZHGHU JHQWHFKQLVFK YHUlQGHUWH 2UJDQLVPHQ
HQWKDOWHUQ RGHU DXV VROFKHQ EHVWHKHQ RGHU DXV GLHVHQ KHU
JHVWHOOWZXUGHQYJO*5$6+251












2(&' 2UJDQLVDWLRQ IU ZLUWVFKDIWOLFKH =XVDPPHQDUEHLW XQG
(QWZLFNOXQJGHU812LQ3DULV
3$& 3DEJHOHLWHWHNQVWOLFKH&KURPRVRPHQ
3&5     3RO\PHUDVHFKDLQUHDFWLRQ3RO\PHUDVH.HWWHQUHDNWLRQ
''3&5   'LIIHUHQ]LDOGLVSOD\SRO\PHUDVHFKDLQUHDFWLRQ
'233&5   3&5PLWGHJHQHULHUWHQ2OLJRQXNOHRWLG3ULPHUQ
     3ULPHU*HPLVFK
 '3&5    'XSOH[3&53&5PLW]ZHL3ULPHUSDDUHQ




Q3&5 QHVWHG 3&5 YHUVFKDFKWHOWH 3&5 3&5 PLW HLQHP LQQHUHQ
XQGHLQHPlXHUHQ3ULPHUSDDU
4&573&5 4XDQWLWDWLYH &RPSHWLWLYH 5HYHUVH 7UDQVFULSWLRQ3RO\PHUDVH
&KDLQ5HDFWLRQ
 4573&5   4XDQWLWDWLYH5HDO7LPH3&5
 5(33&5   UHSHWLWLYHH[WUDJHQHSDOLQGURPLVFKH3&5
 
573&5 UHYHUVH WUDQVFULSWLRQSRO\PHUDVH FKDLQ UHDFWLRQ RIW DXFK IU
5HDO7LPH3&5YHUZHQGHW
UW3&5 UHDOWLPH RGHU 5HDO7LPH 3&5 0h/+$5'7  VFKOlJW
]XU $EJUHQ]XQJ YRQ GHU JOHLFKODXWHQGHQ $ENU]XQJ IU UH
YHUVHWUDQVFULSWLRQ3&5YRUEHLGHUUHDOWLPH3&5GDV.U]HO
57'3&5IU³UHDOWLPHGHWHFWLRQ3&5´]XYHUZHQGHQ
UW573&5   UHDOWLPHUHYHUVHWUDQVFULSWLRQ3&5
UW43&5   UHDOWLPHTXDQWLWDWLYH3&5
6,1(3&5   3&5YRQÄVKRUWLQWHUVSHUVHGUHSHWLWLYHHOHPHQWV³
613&5VQ   VHPLQHVWHG3&5KDOEYHUVFKDFKWHOW3ULPHU
3)*( 3XOV)HOG*HO(OHNWURSKRUHVH
3*92 3URGXNWHDXV*92
3+b127<3 GLH QDFK DXHQ KLQ LQ (UVFKHLQXQJ WUHWHQGH JHQHWLVFKH
$XVVWDWWXQJHLQHV2UJDQLVPXV
3+$*(1    9LUHQGLH%DNWHULHQEHIDOOHQ%DNWHULRSKDJHQ
3/$60,' ULQJI|UPLJH GRSSHOVWUlQJLJH '1$0ROHNOH GLH IDVW DXV




3/$60,12*(1   SURWHRO\WLVFKLQDNWLYH9RUVWXIHGHV3ODVPLQV
3/(,27523,( *HQZLUNXQJPLWPXOWLSOHU VFKHLQEDU XQ]XVDPPHQKlQJHQGHU
SKlQRW\SLVFKHU ([SUHVVLRQ :LUNXQJ HLQHV *HQV DXI YHU
VFKLHGHQH0HUNPDOH
31$ V\QWKHWLVFKH3HSWLGQXNOHLQVlXUHQ
32/<0(5$6( *UXSSH YRQ (Q]\PHQ GLH GLH 6\QWKHVH YRQ 1XNOHLQVlXUHQ
NDWDO\VLHUHQ LQ GHU 3&5 ZHUGHQ WKHUPLVFK UHODWLY VWDELOH
9DULDQWHQJHQXW]W
32/<0253+,6086 .RPPHQ LQ HLQHU 3RSXODWLRQ PXOWLSOH IXQNWLRQHOOH $OOHOH YRU
GLH DOWHUQDWLYH $NWLYLWlWHQ GDUVWHOOHQ XQG QLFKW GHQ 9HUOXVW
RGHU*HZLQQHLQHU)XQNWLRQVSULFKWPDQEHLHLQHU+lXILJNHLW
YRQPHKUDOVYRQJHQHWLVFKHP3RO\PRUSKLVPXV
35,0(5 6WDUWHU HLQ]HOVWUlQJLJHV2OLJRQXNOHRWLG GDV ]X HLQHU HLQ]HO
VWUlQJLJHQ1XNOHLQVlXUHNRPSOHPHQWlUH6HTXHQ]HQDXIZHLVW
XQG PLW GLHVHU ]X HLQHP 'RSSHOVWUDQJ K\EULGLVLHUW ZLUNW DOV
6WDUWVWHOOH ]XU HLJHQHQ 9HUOlQJHUXQJ JHPl GHU %DVHQSDD
UXQJVRGDVVHLQ]XP0DWUL]HQVWUDQJNRPSOHPHQWlUHV3RO\
QXNOHRWLGHQWVWHKW
352%,27,.$ ,QKDOWVVWRIIH YRQ1DKUXQJVPLWWHOQ GLH NRRSHUDWLYH%H]LHKXQ
JHQ ]ZLVFKHQ0LNURRUJDQLVPHQ LP'DUP GLUHNW RGHU LQGLUHNW






3527(20,. 7HFKQRORJLH ]XU TXDQWLWDWLYHQ $QDO\VH GHU ]X HLQHP EH
VWLPPWHQ=HLWSXQNW XQGXQWHU GHWHUPLQLHUWHQ%HGLQJXQJHQ LQ
HLQHU =HOOH LQ HLQHP 2UJDQLVPXV RGHU LQ HLQHU NRPSOH[HQ
.|USHUIOVVLJNHLW YRUKDQGHQHQ 3URWHLQH 3URWHRPLFV   SUR
WHLQVH[SUHVVHGE\JHQRPV
3U3     3ULRQHQSURWHLQ
37*6     SRVWWUDQVFULSWLRQDOJHQHVLOHQFLQJ
3XULQEDVHQ LQGHU1DWXUZHLWYHUEUHLWHWHVWLFNVWRIIKDOWLJHELF\FOLVFKH+HWH
URULQJV\VWHPH GLH DOV $GHQLQ XQG *XDQLQ %DXVWHLQH GHU
1XNOHLQVlXUHQVLQG
3\ULPLGLQEDVHQ LQGHU1DWXUZHLWYHUEUHLWHWH6HFKVULQJHPLW1$WRPHQGLH
DOV &\WRVLQ 7K\PLQ XQG 8UDFLO QXU 51$ %DXVWHLQH GHU
1XNOHLQVlXUHQGDUVWHOOHQ
47/ TXDQWLWDWLYH WUDLW ORFXV 4XDQWLWDWLYH /HLVWXQJVPHUNPDOH
PHVVEDUEHHLQIOXVVHQGHU/RFXV
47/V     TXDQWLWDWLYHWUDLWORFLV3OXUDOYRQ47/
 
5$&( 5DSLG $PSOLILFDWLRQ RI F'1$(QGV UDVFKH $PSOLILNDWLRQ GHU
(QGHQYRQF'1$
5$3' UDQGRP DPSOLILHG SRO\PRUSKLF '1$ ]XIDOOVEHGLQJWH $PSOLIL
NDWLRQYRQSRO\PRUSKHU'1$
5(3(7,7,9(6(48(1= '1$%DVHQDEIROJHGLHVLFKKlXILJZLHGHUKROW
5(3/,.$7,21    LGHQWLVFKH9HUGRSSOXQJ
5)/3     5HVWULNWLRQVIUDJPHQW/lQJHQSRO\PRUSKLVPXV
5.,     5REHUW.RFK,QVWLWXW
51$     5LERQXNOHLQVlXUH
 GV51$   GRXEOHVWUDQGHG51$GRSSHOVWUlQJLJH51$
GVL51$ GRXEOHVWUDQGHG VPDOO LQWHUIHULQJ 51$ GRSSHOVWUlQJLJH 0L
NUR516
KQ51$ KHWHURJHQH .HUQ51$ 9RUVWXIH GHU P51$ LP =HOONHUQ YRQ
(XNDU\RQWHQ
 P51$   PHVVHQJHU51$%RWHQ51$LP&\WRSODVPD
 U51$    ULERVRPDOH51$LQ5LERVRPHQ&\WRSODVPD
 W51$    WUDQVIHU51$LP&\WRSODVPD
VL51$ VPDOO LQWHUIHULQJ 51$ >]XP 7HLO V\QRQ\P YHUZHQGHW NOHLQH
516 0LNUR516 PL51$ VPDOO WHPSRUDO 51$ VW51$
VKRUWKDLUSLQ51$VK51$@
VQ51$ NOHLQH .HUQ51$ VPDOO QXFOHDU 51$ LP =HOONHUQ YRQ (X
NDU\RQWHQ
HVL51$ HQGRQXFOHDVHGLJHVWHGVL51$
51$L7KHUDSLH WKHUDSHXWLVFK JHQXW]WH 51$,QWHUIHUHQ] PLWWHOV VL51$
EHZLUNWH *HQUHJXOLHUXQJ GK VHTXHQ]VSH]ILVFKH $EVFKDO
WXQJ YRQ *HQHQ PLW +LOIH YRQ 516'RSSHOVWUlQJHQ YJO
.b66(5
58%,6&2 5LEXORVHELVSKRVSKDWFDUER[\ODVHFDUER[\JHQDVHLVWGDV
PHQJHQPlLJ KlXILJVWH 3URWHLQ GHU (UGH GD HV DOOH





6$7(//,7(1 KLHU '1$6DWHOOLWHQ GLH LP *HJHQVDW] ]X GHQ 0LNUR XQG



























7(/20(5( (QGHQ HLQHV &KURPRVRPV PHLVW KRFKUHSLWLWLYH GK QLFKW
NRGLHUHQGH '1$6HTXHQ]HQ 6LH YHUNU]HQ VLFK ZlKUHQG
GHV$OWHUQVEHLMHGHU=HOOWHLOXQJ
7,668((1*,1((5,1* %LRWHFKQRORJLHGLHVLFKPLWGHU(U]HXJXQJhEHUWUDJXQJXQG
1XW]XQJ YRQ PHQVFKOLFKHQ WLHULVFKHQ XQG SIODQ]OLFKHQ
*HZHEHRGHU2UJDQHQEHIDVVW%LRPDWHULDOIRUVFKXQJ
75$16)(.7,21 :RUW]XVDPPHQVHW]XQJ DXV 7UDQVIRUPDWLRQ XQG ,QIHNWLRQ
(LQIKUXQJYRQUHLQHU'1$LQOHEHQGH=HOOHQ
75$16)250$7,21 KLHU7UDQVIHUYRQJHQHWLVFKHU,QIRUPDWLRQ
75$16*(1 )UHPG'1$ LP *HQRP HLQHV :LUWVRUJDQLVPXV GLH PLWWHOV
JHQWHFKQLVFKHU 0HWKRGHQ LQ GDV *HQRP HLQHV 2UJDQLVPXV
QXQ*92HLQJHIJWZXUGH
75$16*(1(6( (QWVWHKXQJE]Z+HUVWHOOXQJWUDQVJHQHU2UJDQLVPHQ
75$16.5,37,21 GLH 6\QWKHVH YRQP51$ GHU HUVWH 6FKULWW GHU hEHUPLWWOXQJ
GHUJHQHWLVFKHQ,QIRUPDWLRQDXVGHU'1$
75$16.5,3720,. *HQRPLNDXIGHUP51$(EHQH7UDQVFULSWRPLFV
75$16/$7,21 $EOHVHQ GHU DXI GLH P51$ EHUWUDJHQHQ JHQHWLVFKHQ
,QIRUPDWLRQXQG%LOGXQJHLQHV3RO\SHSWLGVPLWHQWVSUHFKHQGHU
$PLQRVlXUHVHTXHQ] ]ZHLWHU 6FKULWW GHU hEHUPLWWOXQJ GHU
JHQHWLVFKHQ,QIRUPDWLRQDXVGHU'1$
75$160,66,21 KLHUhEHUWUDJXQJYRQWUDQVJHQHQ'1$6HTXHQ]HQ
76(     7UDQVPLVVLEOH6SRQJLIRUPH(Q]HSKDORSDWKLH
8+7     XOWUDKRFKHUKLW]W
875 XQWUDQVODWHG UHJLRQV QLFKW LQ 3URWHLQ WUDQVODWLHUWH 5HJLRQHQ
HLQHVP51$0ROHNOV
9'/8)$ 9HUEDQG'HXWVFKHU /DQGZLUWVFKDIWOLFKHU8QWHUVXFKXQJV XQG
)RUVFKXQJVDQVWDOWHQ
9(.725 ELRORJLVFKHU7UlJHU GHU1XNOHLQVlXUHVHJPHQWH LQHLQHQHXH
=HOOHHLQIKUW
9175 YDULDEOHQXPEHUWDQGHPUHSHDWVVLHKH0LNURVDWHOOLWHQ
97(&     9HURWR[LQSURGX]LHUHQGH(VFKHULFKLDFROL
;(123527(,1( LP.|USHU YRQ%DNWHULHQ 3IODQ]HQ XQG 7LHUHQ JHELOGHWH DUW
IUHPGH3URWHLQH
;(1275$163/$17$7,21 9HUSIODQ]XQJ YRQ OHEHQGHQ WLHULVFKHQ =HOOHQ *HZHEHQ XQG
2UJDQHQDXIGHQ0HQVFKHQ
<$& \HDVW+HIHDUWLILFLDOFKURPRVRPH
=16     =HQWUDOQHUYHQV\VWHP
=<*27( HLQHHLQ]HOQH=HOOHGLHGXUFK)XVLRQHLQHU(L]HOOHPLWHLQHP



















0(57(6 * 6&+b)(5 7 6&+,/' 7 $ 6&+0,'7 * 6&+867(5 ' X 67(,1 - YRP
$XWRPDWLVFKHJHQHWLVFKH$QDO\WLN:LOH\9&+:HLQKHLP19976








5h/,&.( 7 7UDQVJHQH 7UDQVJHQHVH WUDQVJHQH 7LHUH 0HWKRGHQ GHU QLFKWKRPRORJHQ '1$
5HNRPELQDWLRQ6.DUJHU*PE+%DVHO20016









'5/,&$.'1$XQG*HQNORQLHUXQJ(LQ/HLWIDGHQ*XVWDY)LVFKHU9HUODJ6WXWWJDUW  -HQD 1HZ
<RUN1995 
'8'(1 'XGHQUHGDNWLRQ 'DV )UHPGZ|UWHUEXFK  $XIODJH %LEOLRJUDSKLVFKHV ,QVWLWXW 	 ) $
%URFNKDXV$*0DQQKHLP1997
(*(570+250,6&+'(0b'('3(&25$526X:(673+$/..RQ]HSW]XU$QDO\WLN





)5,(6 5 '1$9DULDWLRQ  3RO\PRUSKLVPXV  *HQHWLVFKH 9DULDWLRQ  +OVHQEHUJHU *HVSUlFKH
 :HLPDU  ELV  -XQL 2000 6FKULIWHQUHLKH GHU + :LOKHOP 6FKDXPDQQ 6WLIWXQJ
+DPEXUJ6




*$66(1 + * X 6&+5,03) * +UVJ *HQWHFKQLVFKH 0HWKRGHQ (LQH 6DPPOXQJ YRQ
$UEHLWVDQOHLWXQJHQ IU GDV PROHNXODUELRORJLVFKH /DERU  $XIODJH 6SHNWUXP $NDGHPLVFKHU
9HUODJ+HLGHOEHUJ%HUOLQ1999
*(6(//6&+$)7 '(876&+(5 &+(0,.(5 )DFKJUXSSH /HEHQVPLWWHOFKHPLVFKH *HVHOOVFKDIW
*HQWHFKQRORJLH 6WDQG XQG 3HUVSHNWLYHQ EHL GHU *HZLQQXQJ YRQ 5RKVWRIIHQ IU GLH
/HEHQVPLWWHOSURGXNWLRQ%HKU¶V9HUODJ*PE+	&R+DPEXUJ1994 
*/,&. % 5 X 3$67(51$. - - 0ROHNXODUH %LRWHFKQRORJLH 6SHNWUXP $NDGHPLVFKHU 9HUODJ
+HLGHOEHUJ%HUOLQ2[IRUG19956
+(11,*:*HQHWLN6SULQJHU9HUODJ%HUOLQ±+HLGHOEHUJ±1HZ<RUN1995 




-$+1 , +UVJ *HVFKLFKWH GHU %LRORJLH  $XIODJH 1LNRO 9HUODJVJHVHOOVFKDIW PE+ 	 &R .*
+DPEXUJ2004




.(66/(5 & 0HWKRGLN XQG $QZHQGXQJ GHU 1XFOHLQVlXUH'LDJQRVWLN $QDO\WLNHU7DVFKHQEXFK
+UVJ+*Q]OHUXD6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ%DQG106




/0&* +UVJ /HEHQVPLWWHOFKHPLVFKH *HVHOOVFKDIW  )DFKJUXSSH LQ GHU *HVHOOVFKDIW 'HXWVFKHU
&KHPLNHU  *'&K 5HGDNWHXU 50DWLVVHN *HQWHFKQRORJLH 6WDQG XQG 3HUVSHNWLYHQ EHL GHU
*HZLQQXQJ YRQ 5RKVWRIIHQ IU GLH /HEHQVPLWWHOSURGXNWLRQ 6FKULIWHQUHLKH /(%(160,77(/
&+(0,(/(%(160,77(/48$/,7b7%DQG%HKU¶V9HUODJ+DPEXUJ1994 
 






0h//(5 +- 3RO\PHUDVH.HWWHQUHDNWLRQ 3&5 'DV 0HWKRGHQEXFK 6SHNWUXP $NDGHPLVFKHU
9HUODJ+HLGHOEHUJ%HUOLQ2001
1(/621'X&2;0/HKQLQJHU%LRFKHPLH6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ1HZ<RUN2001









5(,&+$5'7 : X .5$86( 2 /DERUDQDO\WLVFKHU 1DFKZHLV YRQ JHQWHFKQLVFK YHUlQGHUWHQ
ODQGZLUWVFKDIWOLFKHQ3URGXNWLRQVPLWWHOQ XQG3URGXNWHQ /LWHUDWXUVWXGLH 7KULQJHU /DQGHVDQVWDOW
IU/DQGZLUWVFKDIW19996
5(,&+$5'7 : 4XDQWLWDWLYH %HVWLPPXQJ WUDQVJHQHU %HVWDQGWHLOH LQ 3IODQ]HQ 6DDWJXW XQG
)XWWHUPLWWHOQ=ZLVFKHQEHULFKW7KULQJHU/DQGHVDQVWDOWIU/DQGZLUWVFKDIW20026
5,(:(1+(50 6 *HQWHFKQRORJLH 5RWEXFK  (XURSlLVFKH 9HUODJVDQVWDOW  5RWEXFK 9HUODJ
+DPEXUJ20006
6&+/(( ' X ./(%(5 +  3 +UVJ %LRWHFKQRORJLH 7HLO , XQG ,, :|UWHUEFKHU GHU %LRORJLH
*XVWDY)LVFKHU9HUODJ-HQD1991





:HLPDU  ELV  -XQL  6FKULIWHQUHLKH GHU +:LOKHOP 6FKDXPDQQ 6WLIWXQJ +DPEXUJ
62000D












:,1.0 X:(+5/( + +UVJ 3&5 LPPHGL]LQLVFKHQ XQG ELRORJLVFKHQ /DERU  +DQGEXFK IU
3UDNWLNHU*,79HUODJ*PE+19946
:,11$&.(5 (/ *HQH XQG .ORQH (LQH (LQIKUXQJ LQ GLH *HQWHFKQRORJLH 9&+
9HUODJVJHVHOOVFKDIWPE+:HLQKHLP19856
:g+50$11 . 720,8. - X 6(17.(5 $ )UFKWH GHU =XNXQIW" *UQH *HQWHFKQLN:LOH\ 
9&+:HLQKHLP1999
 
3 Transgene Tiere 
'HU%HJULIIÄWUDQVJHQ³LVWHUVWPDOVYRQ*25'21XQG58''/(LQ9HUELQGXQJ
PLW 0lXVHQ YHUZHQGHW ZRUGHQ LQ GHUHQ *HQRP IUHPGHV JHQHWLVFKHV 0DWHULDO
HLQJHEUDFKW ZXUGH )U GLH 'HILQLWLRQ ÄWUDQVJHQHU 7LHUH³ ZRPLW LQ GHU 5HJHO
WUDQVJHQH:LUEHORGHU6lXJHWLHUHJHPHLQWVLQGLVWHVVLQQYROO]XZLVVHQGDVVGDV
(UEJXW YLHOHU 9HUWHEUDWHQ '1$6HTXHQ]HQ HQWKlOW GLH JURH bKQOLFKNHLW ]X
5HWURYLUHQDXIZHLVHQXQGGLHZDKUVFKHLQOLFKDXISK\ORJHQHWLVFKZHLW]XUFNOLHJHQGH
,QIHNWLRQVHUHLJQLVVH ]XUFN]XIKUHQ VLQG 5h/,&.(  (LQH QDWUOLFKH
$XIQDKPHIUHPGHU'1$LQVRPDWLVFKH=HOOHQNDQQDXFKEHUGHQ9HUGDXXQJVWUDNW
HUIROJHQ '2(5)/(5 XD  VRZLH 6&+8%%(57 XD  ZLHVHQ EHL
/DERUPlXVHQ QDFK RUDOHU $SSOLNDWLRQ YRQ '1$7HVWPROHNOHQ LQ .HUQHQ XQG
&KURPRVRPHQ YRQ SHULSKHUHQ /HXNR]\WHQ DXV /HEHU XQG 0LO] XQYHUGDXWH
)UDJPHQWH GHU 7HVW'1$ ELV ]X HLQHU*U|H YRQ  ES QDFK =XU$EJUHQ]XQJ
YRQ GLHVHU QXWULWLYHQ XQG GHU HYROXWLRQlU EHGLQJWHQ $XIQDKPH DUWIUHPGHU '1$
$EVFKQLWWH LQ GHQ :LUWVN|USHU $NTXLVLWLRQ EH]HLFKQHW PDQ QDFK 3$/0,7(5 XQG
%5,167(5  QXU VROFKH2UJDQLVPHQDOV transgen *92 EHL GHQHQHLQH LQ
YLWUR UHNRPELQLHUWH XQG H[SHULPHQWHOO EHUWUDJHQH '1$6HTXHQ] VWDELO LQ GDV
:LUWVJHQRP LQWHJULHUW LVW XQG YHUHUEW ZLUG +LQVLFKWOLFK GHU ,QWHJUDWLRQ GHU )UHPG
'1$ LQ GDV :LUWVJHQRP XQWHUVFKHLGHQ GLH 0ROHNXODUELRORJHQ ]ZLVFKHQ ÄQLFKW
KRPRORJHU KHWHURORJHU LOOHJLWLPHU '1$5HNRPELQDWLRQ³ XQG ÄKRPRORJHU '1$
5HNRPELQDWLRQ³,Q3URNDU\RQWHQXQG+HIHEHUZLHJWGLHKRPRORJHXQGLQ=HOOHQDXV
(XNDU\RQWHQ GLH QLFKWKRPRORJH5HNRPELQDWLRQ'HU EHL GHU(U]HXJXQJ WUDQVJHQHU
7LHUH DQJHVWUHEWH (LQEDX YRQ )UHPG'1$ DQ HLQHQ EHVWLPPWHQ /RFXV GHU:LUWV
'1$ PLW LGHQWLVFKHQ 6HTXHQ]HQ KRPRORJH OHJLWLPH 5HNRPELQDWLRQ LVW EHL
6lXJHWLHUHQ HLQ VWDWLVWLVFK VHOWHQHV (UHLJQLV FD   0,12/  'LH
PROHNXODUHQ0HFKDQLVPHQGHU ,QWHJUDWLRQ ,QVHUWLRQQHXHU OLQHDUHURGHU]LUNXODUHU
'1$6HTXHQ]HQ LQ HLQ 6lXJHWLHUJHQRP VLQG QDFK ZLH YRU *HJHQVWDQG LQWHQVLYHU
)RUVFKXQJ 5h/,&.(  :HLWHUKLQ XQWHUWHLOW GLH 0ROHNXODUELRORJLH GLH
WUDQVJHQHQ2UJDQLVPHQ




1XUEHL OHW]WHUHP LVW HLQH VWDELOH9HUHUEXQJGHV7UDQVJHQVP|JOLFK+RPRJHQH
WUDQVJHQH7LHUHVLQGKHPL]\JRWQLFKWKHWHUR]\JRWRGHUVHOWHQHUKRPR]\JRW
QDFK GHP =\JRWLHJUDG GHU ,QVHUWLRQVVWHOOHhemizygote 7LHUH GLH QXU LQ HLQHP
6WUDQJGHU'1$'RSSHOKHOL[GLHWUDQVJHQH6HTXHQ]HQWKDOWHQXQGhomozygote
GLHGLHWUDQVJHQH,QVHUWLRQLQEHLGHQ6WUlQJHQEHVLW]HQ
QDFK GHU $Q]DKO LQWHJULHUWHU LGHQWLVFKHU 7UDQVJHQH LQ ,QGLYLGXHQ PLW QXU HLQHU
.RSLHLP*HQRPRGHUVROFKHQGLHPHKUHUHPHLVWDOV7DQGHPJHNRSSHOWH.RSLHQ
&RQFDWHPHUHHQWKDOWHQ
QDFK GHU $Q]DKO XQWHUVFKLHGOLFKHU 7UDQVJHQH GLH LQ HLQ 7LHUJHQRP LQWHJULHUW
ZHUGHQHLQIDFKRGHUGRSSHOWE]ZPHKUIDFKWUDQVJHQH2UJDQLVPHQ






'LH %HXUWHLOXQJ GHU 9HUHUEEDUNHLW HUIROJW DQ GHQ WUDQVJHQHQ 1DFKNRPPHQ GLH




JHQ H[RJHQH'1$6HTXHQ]HQ GH QRYR'1$0HWK\OLHUXQJ+LVWRQ'HDFHW\OLHUXQJ
0RGLILNDWLRQ GHU &KURPDWLQVWUXNWXU JHQRPLVFKHV ,PSULQWLQJ ,QDNWLYLHUXQJ YRQ
7UDQV*HQHQGXUFK&R6XSSUHVVRUHQHUVFKZHUW
'HU 3KlQRW\S WUDQVJHQHU 1DFKNRPPHQ GHUHQ (OWHUQ PLWWHOV 9RUNHUQLQMHNWLRQ HU





    nicht
genetische 
Faktoren
     















     
     
  Genotyp   
     














,P GHXWVFKHQ 6SUDFKUDXP HUVFKLHQHQ 0RQRJUDSKLHQ ]X WUDQVJHQHQ 7LHUHQ YRQ
6&+(1.(//2+1(5XDVRZLH5h/,&.(

Literatur zu transgenen Tieren 
'2(5)/(5:25(1'*6&+8%%(575)(&+7(/(5.+(//(5+:,/*(1%863X
6&+52(5 - 2Q WKH LQVHUWLRQ RI IRUHLJQ '1$ LQWR PDPPDOLDQ JHQRPHV 0HFKDQLVP DQG
FRQVHTXHQFHV*HQH157
*25'21-:X58''/()+ ,QWHJUDWLRQDQGVWDEOHJHUPOLQH WUDQVPLVVLRQRIJHQHV LQMHFWHG
LQWRPRXVHSURQXFOHL6FLHQFH214
/2+1(5 0 6,1(086 . X *$66(1 + * +UVJ 7UDQVJHQH 7LHUH LQ /DQGZLUWVFKDIW XQG
0HGL]LQ1HFNDU9HUODJ*PE+9LOOLQJHQ20016HLWHQ




5h/,&.( 7 X0(57(16 & $VVHVVLQJ WUDQVJHQLF DQLPDOV ,PSOLFDWLRQV IRU DQLPDO ZHOIDUH DQG
H[SHULPHQWDOGDWD'HU7LHUVFKXW]EHDXIWUDJWH8









0RGHOOWLHUH WUDJHQZHVHQWOLFK ]XU(UIRUVFKXQJJHQHWLVFK EHGLQJWHU RGHU GXUFK8P
ZHOW,QWHUDNWLRQHQ KHUYRUJHUXIHQHU (UNUDQNXQJHQ GHV0HQVFKHQ EHL 'LH SK\VLROR
JLVFKHbKQOLFKNHLW]XP0HQVFKHQXQGHLQNXU]HV*HQHUDWLRQVLQWHUYDOOSUlGHVWLQLHUHQ
EHVRQGHUV GLH /DERUPDXV 0XV PXVFXOXV DOV 0RGHOORUJDQLVPXV IU 6lXJHWLHUH
5h/,&.(  %$8(5 XD  ZLHVHQ GDUDXI KLQ GDVV GDV XUVSUQJOLFKH
ZLVVHQVFKDIWOLFKH.RQ]HSWGHVWUDQVJHQHQ7LHUPRGHOOVXPYLHOH*HVLFKWVSXQNWHXQG
0|JOLFKNHLWHQ HUZHLWHUW ZHUGHQ PXVV =HOOOLQLHQ XQG NXOWXUHQ 0lXVH 5DWWHQ
+DPVWHU.DQLQFKHQ)LVFKH)U|VFKH,QVHNWHQVRZLH1HPDWRGHQDEHUDXFK*HIO













GHQ 6,.256., XQG 3(7(56  ]% GHU 7%$6('DWHQEDQN KWWS
ZZZMD[RUJWEDVH:2<&+,. XD  'D GLH $XVZLUNXQJHQ GHV*HQWUDQVIHUV
DXI GDV QDWLYH *HQRP YRQ0RGHOOWLHUHQ QLFKW YROOVWlQGLJ YRUKHUVDJEDU VLQG PXVV
DXVHWKLVFKHQ*UQGHQHLQHVRUJIlOWLJH%HXUWHLOXQJGHUWUDQVJHQHQ/LQLHQGXUFK:LV
VHQVFKDIWOHUYRUJHQRPPHQZHUGHQGLHKLHUIUDEHUDXFK]XU=XFKWXQG+DOWXQJYRQ
/DERUWLHUHQ GLH QRWZHQGLJH(UIDKUXQJ DXIZHLVHQ 0(57(16XQG5h/,&.( 
 9HUIDKUHQ ]XP*HQWUDQVIHU 7UDQVJHQHVH EHL 7LHUHQ VLQG LQ GHU 7DEHOOH 
]XVDPPHQJHIDVVW 5h/,&.(  HU|UWHUW LQ VHLQHU 0RQRJUDSKLH GLH 3UREOHPH
YRQ YHUVFKLHGHQHQ *HQWUDQVIHUPHWKRGHQ DP %HLVSLHO GHV 0RGHOOWLHUV 0DXV 'LH
hEHUWUDJXQJYRQ,QYLWURUHNRPELQLHUWHQH[RJHQHQ'1$6HTXHQ]HQLQGLH.HLPEDKQ
YRQ6lXJHWLHUHQHUIROJWHELVKHUYRUUDQJLJGXUFKGLH7HFKQLNGHU9RUNHUQLQMHNWLRQ%HL
GHU 9RUNHUQLQMHNWLRQ LVW GHU (QWZLFNOXQJVVWDQG GHV (PEU\RV ]XP =HLWSXQNW GHU
,QWHJUDWLRQ GHU WUDQVJHQHQ '1$ GDIU PDJHEOLFK ]X ZHOFKHP $QWHLO GLH VRPD
WLVFKHQ XQG GLH .HLP]HOOHQ HLQHV )RXQGHUV GDV 7UDQVJHQ HQWKDOWHQ 8P HLQ
YROOVWlQGLJ KHPL]\JRWHV 7LHU ]X HU]HXJHQPVVWH GLH '1$,QMHNWLRQ QRFK YRU GHU
HUVWHQ '1$5HSOLNDWLRQ LQ GHU =\JRWH HUIROJHQ ,P )DOOH HLQHU 7UDQVJHQLQWHJUDWLRQ
QDFK GHU HUVWHQ '1$5HSOLNDWLRQ HQWVWHKHQ VR JHQDQQWH JHQHWLVFKH 0RVDLNH EHL
GHQHQGDV7UDQVJHQQXULQHLQHP7HLOGHU.|USHUXQG.HLP]HOOHQYRUKDQGHQLVW%HL


















































:$3K3&*HQ )XVLRQVNRQVWUXNW YRQ ³PRXVHZKH\DFLGLF SURPRWRU KXPDQSURWHLQ&´ZHLWHUH
/LWHUDWXU &/$5. XQG :+,7(/$:  %25',*121 XD  6+$6+,.$17 XQG 58''/(
:+((/(5XD7+20621XQG0F:+,5

Enukleation und Kerntransfer mit 
transfizierten Spenderzellen 





     











,QWHJUDWLRQVRUWH IODQNLHUHQGHQ FKURPRVRPDOHQ '1$6HTXHQ]HQ XPIDQJUHLFKH 9HU
lQGHUXQJHQ 'HOHWLRQHQ )UDJPHQWLHUXQJHQ 'XSOLNDWLRQHQ VWDWWILQGHQ GLH DOV
,QVHUWLRQVPXWDWLRQHQ EH]HLFKQHW ZHUGHQ $OV DOWHUQDWLYH 6WUDWHJLH IU GLH EHL GHU
9RUNHUQLQMHNWLRQ NDXP DQ]XWUHIIHQGH KRPRORJH 5HNRPELQDWLRQ ZLUG GLH VHTXHQ]
VSH]LILVFKH.RPELQDWLRQPLWWHOVEHVWLPPWHU'1$5HNRPELQDVHQHUDFKWHW=ZLVFKHQ




.RSLHQ]DKOHQ EHREDFKWHW 5h/,&.(  ,QIROJH GHV )HKOHQV YRQ ,QWURQV XQG
DQGHUHU UHJXODWRULVFKHU %HUHLFKH LVW GLH F'1$ LP 9HUJOHLFK ]X JHQRPLVFKHU '1$
JHJHQEHU3RVLWLRQV XQG+LQWHUJUXQGHIIHNWHQ EHL GHU([SUHVVLRQHLQHV7UDQVJHQV
DQIlOOLJHU'LH0ROHNXODUELRORJHQKDEHQHLQH5HLKHYRQ6WUDWHJLHQHQWZLFNHOWXPGLH
EHL F'1$ DXIWUHWHQGHQ ([SUHVVLRQVSUREOHPH ]XPLQGHUQ RGHU ]X YHUPHLGHQ 5h
/,&.(
 WUDQVJHQHF'1$DOV7HLOJHQRPLVFKHU([SUHVVLRQVYHNWRUHQ
 &R,QWHJUDWLRQ YRQ F'1$.RQVWUXNWHQ PLW GHQ JHQRPLVFKHQ 6HTXHQ]HQ GHV
WUDQVJHQHQ3URPRWRUV
 1XW]XQJ YRQ Ä,QWHUQDO5LERVRPH(QWU\6LWH³,5(66HTXHQ]HQ LQ GLFLVWURQLVFKHQ
F'1$.RQVWUXNWHQ
 $XVQXW]XQJ GHU :LUNXQJ YRQ GRPLQDQWHQ .RQWUROOUHJLRQHQ Ä'RPLQDQW &RQWURO
5HJLRQ³'&5Ä/RFXV$FWLYDWLRQ5HJLRQ³/$5Ä/RFXV&RQWURO5HJLRQ³/&5
DXIGLH([SUHVVLRQWUDQVJHQHU'1$$EVFKQLWWH
 ,VRODWLRQ WUDQVJHQHU/RFLJHJHQ3RVLWLRQVHIIHNWHPLWWHOV Ä0DWUL[$WWDFKPHQW6FDI
IROG$WWDFKPHQW5HJLRQV³0$5V6$5V
 9HUZHQGXQJ JURHU JHQRPLVFKHU 6HTXHQ]HQ EHL GHU .RQVWUXNWLRQ YRQ 7UDQV
JHQHQ0$&<$&+$&













9HUSDFNXQJ GHU '1$ LQ /LSRVRPHQ RGHU QLFKWOLSRVRPDOH
NDWLRQLVFKH/LSLGHXQGDQVFKOLHHQGH,QMHNWLRQLQ%ODVWR]\VWHQ








Tabelle 7: $QDO\VH GHU .HLPEDKQEHUWUDJXQJ 7UDQVPLVVLRQVUDWH YRQ 7UDQVJH
QHQ EHL YHUVFKLHGHQHQ )RXQGHUOLQLHQ YRQ /DERUPlXVHQ DXI LKUH )
1DFKNRPPHQ QDFK $QZHQGXQJ GHU 9RUNHUQLQMHNWLRQ 5h/,&.( XQG
0(57(165h/,&.(
F0-Generation A - D Founder A Founder B Founder C Founder D 
3DUDPHWHU Q Q  Q  Q  1 
F0-Generation         
F1-Generation         !













'LH $UEHLW PLW WUDQVJHQHQ0RGHOOWLHUHQ VWHOOW HLQHQ ZLFKWLJHQ =ZHLJ GHU PRGHUQHQ
ELRPHGL]LQLVFKHQ)RUVFKXQJ]XU(WDEOLHUXQJYRQ.UDQNKHLWVPRGHOOHQGDU'LHJURH
%HGHXWXQJWUDQVJHQHU7LHUPRGHOOHZLUGDOOHUGLQJVDXFKLQ)UDJHJHVWHOOW$00$11
D%21'2/),  IRUGHUW GLH HWKLVFKH%HZHUWXQJHLQHU9HUlQGHUXQJGHV
WLHULVFKHQ*HQRPVLPPHULP.RQWH[WGHU=LHOVHW]XQJYRU]XQHKPHQXQGEHIUZRUWHW
WUDQVJHQH 0RGHOOWLHUH LP 'LHQVWH GHU PHGL]LQLVFKHQ *UXQGODJHQIRUVFKXQJ LP
*HJHQVDW]]XWUDQVJHQHQ1XW]WLHUHQ+LQZHLVH]XU0DUNLHUXQJ$QDO\VH=XFKWXQG
+DOWXQJWUDQVJHQHU7LHUHVRZLH]XU6LFKHUXQJWUDQVJHQHU7LHUVWlPPHILQGHQVLFKEHL
6&+(1.(/  ,Q GHU PROHNXODUELRORJLVFKHQ )RUVFKXQJ ]XU *HQHWLN XQG ]XU
7UDQVJHQHVH KDEHQ 0RGHOOWLHUH ZLH GLH 7DXIOLHJH Ä'URVRSKLOD PHODQRJDVWHU³ GHU
)DGHQZXUP Ä&DHQRUKDEGLWLV HOHJDQV³ XQG GHU =HEUDILVFK Ä%UDFK\GDQLR UHULR³ ]X
ZLFKWLJHQ(UNHQQWQLVIRUWVFKULWWHQEHLGHQ:LUEHOWLHUJHQHQEHLJHWUDJHQ

Literatur zu transgenen Modelltieren 
$00$11'7UDQVJHQH7LHUHDOV.UDQNKHLWVPRGHOOH(UZHLWHUWHV0DQXVNULSW]XP9RUWUDJDQOlVVOLFK
GHU  7LHUYHUVXFKVWDJXQJ 7LHUYHUVXFKH LQ )UDJH JHVWHOOW 6FKZHL]HU 7LHUVFKXW] 676
.RQJUHVV]HQWUXP+RWHO$UWH2OWHQ6FKZHL]6HSWHPEHU2003D6
KWWSZZZJHQWHFKQRORJLHFKSDSLHUHNUDQNKHLWVPRGHOOHSGI
%$8(5 7  : 6&+527+ $ %$&&+86 & X %86(/0$,(5 : (U]HXJXQJ XQG 1DFKZHLV











%5$815(87+(5 ( ',(+/ ' 02(57+ & 2(67(5/( ' :2/) ( X +g)/,&+ $
.RQGLWLRQDOH (IIHNWH YRQ ,*)%3:DFKVWXPVKHPPXQJ RGHUPDOLJQH 3URJUHVVLRQ" 9RUWUDJV
WDJXQJ'*I=XQG*I7DP6HSWHPEHU2004LQ5RVWRFN.XU]IDVVXQJ&
 
%h1*(5 / 277 * 9$5*$ / 6&+/27(: 5(11( 8:,//,$06 - / +,//:* X
5(+)(/'7&0DUNHUDVVLVWHG LQWURJUHVVLRQRI WKH&RPSDFWPXWDQWP\RVWDWLQDOOHOH0VW&PSW
GO$EF LQWR D PRXVH OLQH ZLWK H[WUHPH JURZWK HIIHFWV RQ ERG\ FRPSRVLWLRQ PXVFXODULW\ DQG
VNHOHWDOPXVFOHFHOOXODULW\$UFK7LHU]'XPPHUVWRUI486SHFLDO,VVXH
&+2,%.%/(&.*7X-,0(1(=)/25(65&DWLRQ([FKDQJH3XULILFDWLRQRI0XWDJHQL]HG
%RYLQH ȕ&DVHLQ ([SUHVVHG LQ 7UDQVJHQLF 0RXVH 0LON ,WV 3XWDWLYH $VQ/LQNHG *O\FDQ ,V
+HWHURJHQHRXV-'DLU\6FL84
&+5(1(. 3 9$âĎý(. ' 0$.$5(9,&+ $ 8+5Ë1 3 3(7529,ý29È , /8%21 +
%,1'(5 % 5 X %8//$ - ,QWHJUDWLRQ DQG H[SUHVVLRQ RI WKH :$3K3& JHQH LQ WKUHH
JHQHUDWLRQVRIWUDQVJHQLFUDEELWV&]HFK-$QLP6FL47
&/$5.-X:+,7(/$:%$IXWXUHIRUWUDQVJHQLFOLYHVWRFN1DW5HY*HQHW4





$1'(5621 * % X 0855$< - ' ([SUHVVLRQ RI ERYLQH ȕODFWRJOREXOLQ LQ WKH PLON RI
WUDQVJHQLFPLFH-'DLU\5HV66









SXULILFDWLRQ RI ERYLQH ĮODFWDOEXPLQ DQG ȕFDVHLQ LQ PLON RI WUDQVJHQLF PLFH - 'DLU\ 6FL 80










0(57(16 & X 5h/,&.( 7 3KHQRW\SH FKDUDFWHUL]DWLRQ DQG ZHOIDUH DVVHVVPHQW RI WUDQVJHQLF
URGHQWVPLFH-RXUQDORIDSSOLHGDQLPDOZHOIDUHVFLHQFH3
0217$*'1HXURJHQHWLN'LH%HGHXWXQJGHU*HQHIUGDV*HKLUQ%LR)RUXP246




*HQWHFKQRORJLH XQG /HEHQVPLWWHO +UVJ *$66(1 +* X +$00(6 :3 %HKU¶V 9HUODJ
+DPEXUJ*UXQGZHUN1997$EVFKQLWW,,
3(7(56(1%+g/.(50.8(6:/8&$6+$+1$/(00((+$66(/3:,1./(5
0 0$57,1 8 X 1,(0$11 + (UVWHOOXQJ Į*DODNWRV\OWUDQVIHUDVH GHIL]LHQWHU 6FKZHLQH
GXUFK VRPDWLVFKHQ .HUQWUDQVIHU XQG KRPRORJH5HNRPELQDWLRQ 9RUWUDJVWDJXQJ'*I= XQG*I7
DP6HSWHPEHU2004LQ5RVWRFN.XU]IDVVXQJ&
5h/,&.( 7 X0(57(16 & $VVHVVLQJ WUDQVJHQLF DQLPDOV ,PSOLFDWLRQV IRU DQLPDO ZHOIDUH DQG
H[SHULPHQWDOGDWD'HU7LHUVFKXW]EHDXIWUDJWH8







GHP :HJ ]XU NOLQLVFKHQ $QZHQGXQJ 0HGLHQVHPLQDU Ä7UDQVJHQH 7LHUH LQ )RUVFKXQJ XQG
0HGL]LQ³%HUQ'H]HPEHU2003KWWSZZZJHQVXLVVHFKIRFXVWUDQVJ
 







:+((/(5 0 % :$/7(56 ( 0 X &/$5. 6 * 7UDQVJHQLF DQLPDOV LQ ELRPHGLFLQH DQG
DJULFXOWXUHRXWORRNIRUWKHIXWXUH$QLP5HSURG6FL79




3.2 Klonierung als Reproduktionstechnologie transgener Tiere 
'LH.ORQLHUXQJLVW]XQlFKVWHLQH5HSURGXNWLRQVWHFKQRORJLHEHLGHUGDV*HQRPGHU
2UJDQLVPHQ QLFKW YHUlQGHUW ZLUG XQGPLW GHUHQ+LOIH LGHQWLVFKH0HKUOLQJH HU]HXJW




JHHLJQHW VLQG EHVWHKW VRZRKO EHL0RGHOO DOV DXFK EHL SKDUPD]HXWLVFK RGHU ODQG
ZLUWVFKDIWOLFK JHQXW]WHQ 7LHUHQ GLH 1RWZHQGLJNHLW VLH QDFK DXVIKUOLFKHU 3UIXQJ
LKUHU ([SUHVVLRQ PLW VWDELOHU $XVSUlJXQJ GHU GXUFK GLH 7UDQVJHQLWlW EHGLQJWHQ
0HUNPDOH]XYHUPHKUHQ+LHU]XH[LVWLHUHQYLHUGHQNEDUH:HJH
GLH NODVVLVFKH 9HUPHKUXQJ GXUFK 9HUSDDUXQJ YRQ KHPL]\JRWHQ )RXQGHUQ PLW
QLFKWWUDQVJHQHQ 7LHUHQ %HL HLQHU 9HUHUEXQJ QDFK GHQ 0HQGHOVFKHQ 5HJHOQ
VROOWHQGHU)*HQHUDWLRQKHPL]\JRWKRPR]\JRWXQGQLFKWWUDQV
JHQVHLQ$XIGLH3UREOHPHEHLGHU(U]HXJXQJWUDQVJHQHU6lXJHWLHUHZLHV%5(0





















'LH .RSSOXQJ YRQ *HQWUDQVIHU XQG .ORQLHUXQJ GLH %5(0  EHL ODQG
ZLUWVFKDIWOLFKHQ 1XW]WLHUHQ DOV $OWHUQDWLYH ]XP NODVVVLVFKHQ *HQWUDQVIHU PLW
9HUPHKUXQJV]XFKWDQVLHKW%5(0IKUWHGUHL9HUIDKUHQ]XU(UVWHOOXQJYRQ
WUDQVJHQHQ.ORQHQDQ
 .ORQLHUXQJ GXUFK &KLPlUHQELOGXQJ =HOOHQ IUKHPEU\RQDOHU (QWZLFNOXQJV
VWDGLHQ ELV ]XU 0RUXOD ZHUGHQ LVROLHUW RGHU %ODVWR]\VWHQ PLNURFKLUXUJLVFK
JHWHLOWXQGPLNURPDQLSXODWRULVFKPLW%ODVWRPHUHQ MQJHUHU(PEU\RQDOVWDGLHQ
NRPELQLHUW 'LH GDUDXV KHUYRUJHKHQGHQ 7LHUH VLQG VRZRKO FKURPRVRPDO DOV




'LH HQWVWHKHQGHQ 7LHUH YHUIJHQ EHU GHQ LGHQWLVFKHQ FKURPRVRPDOHQ
*HQRW\SXQWHUVFKHLGHQVLFKDEHULPPLWRFKRQGULDOHQ*HQRW\S.ORQJHVFKZLV
WHU RGHU .ORQQDFKNRPPHQZHLVHQ GDKHU HLQHPLWRFKRQGULDOH +HWHURSODVPLH
DXI GLH DXFK DOV PLWRFKRQGULDOHU &KLPlULVPXV EH]HLFKQHW ZHUGHQ NDQQ
67(,1%251 XD DEF (9$16 XD  %5(0  $QKDQG
GLHVHU+HWHURSODVPLHOlVVWVLFKLQGHQPHLVWHQ)lOOHQQDFKZHLVHQREHLQ7LHU
GDV3URGXNWHLQHU.ORQLHUXQJLVW67(,1%251XD1DFKGHU+HUNXQIW
GHU =HOONHUQHZLUG LQ IHWDOH.ORQLHUXQJ VRZLH$GXOWNORQLHUXQJ XQWHUVFKLHGHQ
:lKUHQG PDQ ]X %HJLQQ GHU .HUQWUDQVIHUWHFKQLN YRQ LQ YLYR JHZRQQHQHQ
HPEU\RQDOHQ=HOOHQDXVJLQJZLUGLQ]ZLVFKHQZHJHQGHUJU|HUHQP|JOLFKHQ
$Q]DKO YRQ .ORQHQ PHLVW DXI LQ YLWUR NXOWLYLHUWH (PEU\RQDO]HOOHQ ]XUFN
JHJULIIHQ
 3DWKRJHQWLVFKH $NWLYLHUXQJ YRQ (L]HOOHQ 2R]\WHQ VRZLH =XFKW XQG
9HUSDDUXQJKRPR]\JRWHU(OWHUQWLHUHELVKHUHLQHQXU WKHRUHWLVFKDQJHGDFKWH
9DULDQWH 'LH VR HU]HXJWHQ 7LHUH ZlUHQ FKURPRVRPDO XQG PLWRFKRQGULDO




GHU 7DEHOOH  ]X HQWQHKPHQ :UGHQ DXFK WUDQVJHQH .ORQWLHUH EHUFNVLFKWLJW
PVVWH GLH 7DEHOOH XPZHLWHUH 7LHUDUWHQ 1DJHWLHUH 3ULPDWHQ 9|JHO )LVFKH XD
HUJlQ]WZHUGHQ'LH QLFKWWUDQVJHQH.ORQLHUXQJZLUG LQ=XNXQIWZRKO YRUUDQJLJ EHL
+DXV XQG 6SRUWWLHUHQ 3IHUG HLQJHVHW]W ZHUGHQ ZlKUHQG GLH WUDQVJHQH EHL GHU
(U]HXJXQJ YRQ 0RGHOOWLHUHQ 6SHQGHUWLHUHQ IU ;HQRWUDQVSODQWDWH 7LHUHQ ]XU
3KDUPDSURGXNWLRQ VRZLH YRQ ODQGZLUWVFKDIWOLFKHQ1XW]WLHUHQGRPLQLHUHQGUIWH'LH
QLFKWWUDQVJHQH.ORQLHUXQJLVWYHUVXFKVZHLVHDXFK]XU(UKDOWXQJYRQDXVVWHUEHQGHQ






Jahr Tierart Ereignis 




 )URVFK HUVWPDOV JHOLQJW GLH $XI]XFKW JHVFKOHFKWVUHLIHU 7LHUH DXV GHU
)XVLRQHQWNHUQWHU(L]HOOHQPLW=HOONHUQHQDXV(PEU\RQHQ







 5LQG GDV HUVWH GXUFK .HUQWUDQVIHU JHNORQWH .DOE ZLUG JHERUHQ
35$7+(5XD
 6FKDI HUVWPDOLJH .ORQLHUXQJ GXUFK .HUQWUDQVIHU LQ NXOWLYLHUWH (P
EU\RQDO]HOOHQ&$03%(//XD
 6FKDI DXV GHU )XVLRQ GHV =HOONHUQV HLQHU (XWHU]HOOH YRQ HLQHP















GLIIHUHQ]LHUWHQ =HOOHQ HUVWHOOW ZXUGHQ QDFK $00$11 XQG 92*(/







































































)U GLH (U]HXJXQJ WUDQVJHQHU ODQGZLUWVFKDIWOLFKHU 1XW]WLHUH HLJQHW VLFK EHVRQGHUV
GLH .ORQLHUXQJ GXUFK .HUQWUDQVIHU 'LH .RPELQDWLRQ YRQ 7UDQVJHQHVH XQG
.HUQWUDQVIHU EHVLW]W JHJHQEHU GHU 0LNURLQMHNWLRQ HQWVFKHLGHQGH 9RUWHLOH %5(0
$00$11XQG92*(/











 EHVVHUH 9RUKHUVDJEDUNHLW GHU *HQH[SUHVVLRQ GXUFK 7HVWXQJ GHU 51$ XQG





2EZRKO GLH (U]HXJXQJ GHV .ORQVFKDIV Ä'ROO\³ DP 5RVOLQ,QVWLWXW LQ 6FKRWWODQG DOV
3LRQLHUH[SHULPHQW XQG 'XUFKEUXFK GHU .ORQLHUXQJVWHFKQLN HLQJHVWXIW ZLUG 11
D ELUJW GLH .HUQWUDQVIHUNORQLHUXQJ LPPHU QRFK HLQLJH ELVKHU QLFKW JHO|VWH
3UREOHPIHOGHU
 GLH(IIL]LHQ]EHLGHU(U]HXJXQJJHNORQWHU7LHUHLVWQRFKJHULQJYJO7DE











(QGHQ YRQ &KURPRVRPHQ VRZLH DXI HLQHU hEHUWUDJXQJ VRPDWLVFKHU 0XWDWLRQHQ
EHL=HOONHUQHQDXV.|USHU]HOOHQ]XUFN]XIKUHQVHLQ
















   
WUDQVIHULHUWH
(PEU\RV




   











6HLW  XQWHUQLPPW GLH )LUPD ³,QILJHQ´ LQ GHQ 86$ 9HUVXFKH PLW JHNORQWHQ
0LOFKNKHQ XQG =XFKWEXOOHQ (LQH =XODVVXQJ GHU 0LOFK XQG GHV )OHLVFKHV GLHVHU
7LHUH DOV 1DKUXQJVPLWWHO GXUFK GLH )RRG DQG'UXJ $GPLQLVWUDWLRQ VWHKW DEHU QRFK
DXV 1DFK HLQHP *XWDFKWHQ GHU $NDGHPLH GHU :LVVHQVFKDIWHQ GHU 86$ VROO YRQ
/HEHQVPLWWHOQ DXV JHNORQWHQ XQGRGHU JHQWHFKQLVFK YHUlQGHUWHQ 1XW]WLHUHQ QDFK
ELVKHULJHP (UNHQQWQLVVWDQG NHLQH *HIDKU IU GLH *HVXQGKHLW GHV 0HQVFKHQ
DXVJHKHQ QDFK KWWSJHQIRRG  ,Q 'HXWVFKODQG EHIDVVWH VLFK GDV %UR IU
7HFKQLNIROJHQ$EVFKlW]XQJ GHV 'HXWVFKHQ %XQGHVWDJHV LQ HLQHP %HULFKW 7$%
 
 PLW GHP Ä.ORQHQ YRQ 7LHUHQ³ 1DFK -())5,6  UHWWHWH PDQ LQ
1HXVHHODQG  GXUFK .ORQLHUXQJ HLQH ELV DXI HLQ ([HPSODU DXVJHVWRUEHQH
5LQGHUUDVVH






&:,//,$06 - / 1,06 6 ' 3257(5 & $ 0,'85$ 3 3$/$&,260 - $<5(6
6/'(11,672156+$<(60/=,20(.&$0($'(+0*2'.(5$*$9,1




'*I= DP  LQ %RQQ Ä*HQWHFKQLN LP ,QWHUHVVH GHU 1HXHQWZLFNOXQJ XQG
9HUEHVVHUXQJIXQNWLRQHOOHU0LOFKHU]HXJQLVVH³'*I=6FKULIWHQUHLKH1998+HIW6
%5(0 * .ORQLHUXQJ  +OVHQEHUJHU *HVSUlFKH  :HLPDU  ELV  -XQL 2000
6FKULIWHQUHLKHGHU+:LOKHOP6FKDXPDQQ6WLIWXQJ+DPEXUJ6















-())(5,6 ' :DV LVW *HQWHFKQLN" 9RP .ORQVFKDI ELV ]XU *HQWRPDWH /RHZH 9HUODJ *PE+
%LQGODFK$XIODJH20026
.$72 < 7$1, 7 62720$58 < .852.$:$ . .$72 - '2*8&+, + <$68( + X
































67(,1%251 5 6&+,12*/ 3 =$.+$57&+(1.2 9 $&+0$11 5 6&+(517+$1(5:
672-.29,& 0 :2/) ( 08//(5 0 X %5(0 * 0LWRFKRQGULDO '1$ KHWHURSODVP\ LQ
FORQHGFDWWOHSURGXFHGE\IHWDODQGDGXOWFHOOFORQLQJ1DW*HQHW25





:(//6'10,6,&$ 30 '$< 7 $ X 7(59,7+5 3URGXFWLRQ RI FORQHG ODPEV IURP DQ















3.3 Gene Pharming 
'LH 9RUVWHOOXQJ SKDUPDNRORJLVFK ZLUNVDPH 3URWHLQH XQG 3HSWLGH LQ 7LHUHQ RGHU
3IODQ]HQ NRVWHQJQVWLJ LQ EHGDUIVJHUHFKWHU 0HQJH ]X SURGX]LHUHQ ZDU HLQH GHU
ZHVHQWOLFKHQ0RWLYDWLRQHQ IU GHQ )RUWVFKULWW GHU*HQWHFKQLN LP $JUDUEHUHLFK 'LH
0HLOHQVWHLQHGHU WUDQVJHQHQ7LHU%LRUHDNWRU7HFKQRORJLHZXUGHQ EHUHLWV LQ GHU7D
EHOOHYRUJHVWHOOW,QGHQ7DEHOOHQXQGZHUGHQHLQLJH%HLVSLHOHIU+XPDQSUR
WHLQH DXIJHIKUW GLH EHU GLH0LOFK WUDQVJHQHU 6lXJHWLHUH JHZRQQHQZHUGHQ N|Q
QHQ (LQH YROOVWlQGLJH $XIOLVWXQJ GHU EHU WUDQVJHQH WLHULVFKH %LRUHDNWRUHQ KHU
VWHOOEDUHQ 6XEVWDQ]HQ ZUGH GLH V\VWHPDWLVFKH $XVZHUWXQJ GHU 3DWHQWOLWHUDWXU
HUIRUGHUQ (LQH hEHUVLFKW EHU GLH PLW WUDQVJHQHQ 0RGHOOWLHUHQ XQWHUQRPPHQHQ
6WXGLHQ]XU([SUHVVLRQYRQSKDUPD]HXWLVFKHQ3URWHLQHQ LQ0LOFK LVWEHL:$//XD
  ]X ILQGHQ :HLWHUH LQIRUPDWLYH 'DUVWHOOXQJHQ ]XP 7KHPD Ä*HQH
3KDUPLQJ³ JDEHQ +$00(5 XD  -b11( XD  '52+$1 XD 
9(/$1'(5XD-b11(XDD7,('(0$110($'(XD
32//2&. XD  :,/087  %,'$57 XQG %(//(7  %5,1. XD
5(+%(5*(5.(()(5.8(6XQG1,(0$11VRZLHGLH
LQGHQ7DEHOOHQXQGDXIJHIKUWHQ$XWRUHQ'LH3URGXNWLRQYRQ0HGLNDPHQWHQ
LQ GHU 0LOFK YRQ WUDQVJHQHQ 1XW]WLHUHQ ZLUG YRU DOOHP LQ GHQ 86$  GHQ 1LH




3URWHLQH ]% $QWLWKURPELQ ,,, PRQRNORQDOH $QWLN|USHU )DNWRU 9,,, $OSKD3UR



















































Tabelle 12::HLWHUH EHU GLH 0LOFK WUDQVJHQHU 6lXJHWLHUH HU]HXJWH WKHUDSHXWLVFK
QXW]EDUH KXPDQH 3URWHLQH QDFK %5((.9(/'7 XQG -21*(5'(1
&800,1*6*2(/VRZLH0$7<6,$.





































(U\WKURSRHWLQ (SR %OXWDUPXW(U\WKUR]\WHQPDQJHO 5LQG





3URWHLQ 3UR +,9 =LHJH
 










$OSKD*OXNRVLGDVH  3RPSVFKH.UDQNKHLW .DQLQFKHQ











Tabelle 13: %HLVSLHOH IU GLH 3URGXNWH WUDQVJHQHU 7LHUELRUHDNWRUHQ GHU ]ZHLWHQ
*HQHUDWLRQQDFK:$//

























DQ GLH LQ3KDUPDXQWHUQHKPHQ YRQPHKUHUHQ=XFKWOLQLHQ WUDQVJHQHU7LHUH HU]HXJW
ZHUGHQ 7DE  1DFK VHLQHU $QVLFKW EHVWHKW GDV GHU]HLWLJH +DXSWSUREOHP GHV
*HQH3KDUPLQJGDULQGDVVGDV([SUHVVLRQVQLYHDXQRFKQLFKWYRUGHP/DNWDWLRQV
EHJLQQDEJHVFKlW]WZHUGHQNDQQXQG6HOHNWLRQVHQWVFKHLGXQJHQHUVW LP9HUODXIGHU
/DNWDWLRQ P|JOLFK VLQG 'LH VFKRQHQGH $EWUHQQXQJ XQG 5HLQLJXQJ GHV FKHPLVFK
XQYHUlQGHUWHQUHNRPELQDQWHQ3URWHLQVDXVGHU0LOFKVWHOOWHLQHSUlSDUDWLYH+HUDXV
IRUGHUXQJGDU-b11(XDXQGD'(*(1(5XD$OOHUGLQJVNDQQ
KLHUEHL DXI GLH EHZlKUWH 0HWKRGLN XQG 7HFKQLN GHU 0LOFKLQGXVWULH ]XUFNJHJULIIHQ
ZHUGHQVRGDVVGDV(XWHUDOV6\QWKHVHRUWIUWLHUDUWIUHPGH3URWHLQH;HQRSURWHLQH
EHLP*HQH3KDUPLQJEHYRU]XJWZLUG0LWVWHLJHQGHU$XVJDQJVNRQ]HQWUDWLRQVLQNHQ




DXV %OXW +DUQ (LHUQ ȕ/DNWDPDVH YJO +$59(< XD  XQG 6SHUPD YRQ
WUDQVJHQHQ7LHUHQ JHZRQQHQ ZHUGHQ 9LHOIDFK HUIROJW GLH %LOGXQJ GHV IUHPGHQ
3URWHLQV QLFKW QXU LP Ä%LRUHDNWRU³ (XWHU VRQGHUQ JOHLFK]HLWLJ LQ DQGHUHQ 2UJDQHQ
XQG *HZHEHQ GHV 6lXJHWLHUN|USHUV Ä6LFNHUH[SUHVVLRQ³ 0|JOLFKH $XVZLUNXQJHQ
GLHVHV 6DFKYHUKDOWHV VLQG GHU]HLW QLFKW DEVFKlW]EDU XQG EHGUIHQ GHU ZHLWHUHQ
%HREDFKWXQJ

'LH 9RUWHLOH YRQ VROFKHQ ELRJHQHWLVFKHQ 6\QWKHVHYHUIDKUHQ IU WKHUDSHXWLVFKH
:LUNVWRIIH EHVWHKHQ GDULQ GDVV GLH +XPDQSURWHLQH LQ JURHQ0HQJHQ YLHO UHLQHU
XQG ]XPHLVW DXFK SUHLVZHUWHU JHZRQQHQ ZHUGHQ N|QQHQ DOV EHL KHUN|PPOLFKHQ
+HUVWHOOXQJVPHWKRGHQ 'LH $XVEHXWH HUUHLFKW GHQ %HUHLFK YRQ PHKUHUHQ *UDPP
:LUNVWRII SUR/LWHU0LOFK ]%JOPHQVFKOLFKHV+lPRJORELQ LQGHU6DXHQPLOFK
'LH %OXWNRPSRQHQWHQ +lPRJORELQ )DNWRU 9,,, )DNWRU ,; XD GLH PLWWHOV *HQH
3KDUPLQJHU]HXJWZXUGHQVLQGIUHLYRQKXPDQHQ3DWKRJHQHQ+,9+HSDWLWLVVRZLH
DQGHUHQ 9LUHQ $QGHUHUVHLWV EHVWHKW GDV 5LVLNR GDVV EHLP *HQH 3KDUPLQJ
WLHUVSH]LILVFKH 3DWKRJHQH XQG 9LUHQ LQ GLH 0LOFK XQG GDPLW LQ GLH =LHOSURGXNWH
JHODQJHQ 'LHVHQ 6DFKYHUKDOW XQG GLH EHL GHU (U]HXJXQJ WUDQVJHQHU 7LHUH








Tierart hF VIII hF IX hPC Ath III Fibrinogen hSA 
.DQLQFKHQ      
6FKZHLQ      
6FKDI      
=LHJH      
5LQG      

*HQH3KDUPLQJPLW1XW]WLHUHQZLUGQXUGDQQ]XP)HOGGHU7LHUSURGXNWLRQZHQQGLH
EHQ|WLJWH 7LHU]DKO GHQ LQ 7DEHOOH  IU GDV +XPDQVHUXPDOEXPLQ E]Z GHQ LQ
7DEHOOHIUGDVKXPDQHĮ$QWLWU\SVLQDQJHJHEHQHQ8PIDQJHUUHLFKWRGHUNHLQH
,VRODWLRQGHV=LHOSURGXNWHVIUVHLQH'LVWULEXWLRQXQG$SSOLNDWLRQHUIRUGHUOLFKLVW]%
0DODULDLPPXQLVLHUXQJ YJO 7DE  )U HLQHQ -DKUHVEHGDUI YRQ PHKU DOV  NJ







 GLH ,QWHJUDWLRQVUDWH GHU )UHPGJHQH LVW LP 9HUJOHLFK ]X DQGHUHQ IU GDV *HQH
3KDUPLQJJHHLJQHWHQ7LHUDUWHQNOHLQHUXQG
 GDVPLWFD-DKUHQODQJH,QWHUYDOOYRQGHU(LQSIODQ]XQJHLQHUWUDQVJHQHQ=\JRWH
ELV ]XU %HJLQQ GHU (UVWODNWDWLRQ GHU WUDQVJHQHQ )lUVH HUK|KW GLH 3URGXNWLRQV
NRVWHQWURW]GHULP9HUJOHLFK]XDQGHUHQ7LHUDUWHQJU|HUHQ0LOFKPHQJH
 











che Expression in 
Milch (g/l) 
Anzahl erforderlicher 
Schafe für 10 % 
Marktabdeckung 
K$$7     
KW3$     
K),;     
(SR     
K),;     











q GLH +HUVWHOOXQJ GHU WLHULVFKHQ %LRUHDNWRUHQ LVW PLW HLQHP HQRUPHQ (PEU\RQHQ
YHUVFKOHLYHUEXQGHQ




q GLH 3URWHLQZLUNVWRIIH N|QQHQ PLW JHULQJHQ 0HQJHQ YRQ WLHULVFKHQ 0LOFKSURWHLQ
YHUXQUHLQLJWVHLQZDVHLQ$OOHUJLHULVLNRGDUVWHOOW
q *HQH3KDUPLQJ3KDUPDNDN|QQHQPLW7LHUSDWKRJHQHQNRQWDPLQLHUWVHLQ
q GXUFK XQYROOVWlQGLJH SRVWWUDQVODWLRQDOH 3UR]HVVH N|QQWHQ GLH 7KHUDSHXWLND YRQ









q GLH 3KDUPDNDJHZLQQXQJ DXV WUDQVJHQHQ 3IODQ]HQ ZLUG HLQH LPPHU VWlUNHUH
2SWLRQ

)U GLH3URGXNWLRQPHQVFKOLFKHU3URWHLQHPLW WUDQVJHQHQ7LHUHQ IKUWHQ$00$11
XQG92*(/IROJHQGHVFKZHU]XHUIOOHQGH)RUGHUXQJHQDQ









7KHUDSHXWLVFK QXW]EDUH+XPDQSURWHLQH ODVVHQ VLFK DXFKPLW +LOIH YRQ WUDQVJHQHQ
3IODQ]HQ ]% 3URGXNWLRQ YRQ 0LOFKSURWHLQHQ LQ WUDQVJHQHQ 3IODQ]HQ YJO
$5$.$:$XD +(1.(XD 1$1',XD 11 F0LNUR
RUJDQLVPHQYJO.,0XDRGHU=HOONXOWXUHQYJO$%'(/*$:$'XD
-,$1* XD  =+$1*XQG )5$1&2  HU]HXJHQ'LHVHU:HJ GHU WUDQV
JHQHQ %LRV\QWKHVH ZHLVW GHQ SKDUPDNRORJLVFKHQ 9RU]XJ DXI GDVV NHLQH 7LHU
SDWKRJHQH LP =LHOSURGXNW VLQG 7UDQVJHQH 3IODQ]HQ ]XU 3KDUPDND*HZLQQXQJ
N|QQHQ ZLHGHUXP GLH :LUNVWRIIH PLW $OOHUJHQHQ NRQWDPLQLHUHQ XQG EHUJHQ
|NRORJLVFKH 5LVLNHQ EHLP $QEDX $XFK EHL WUDQVJHQHQ 3KDUPDSIODQ]HQ EHVWHKHQ
9RUVWHOOXQJHQ ]X HVVEDUHQ ,PSIVWRIIHQ ]% .DUWRIIHOQ JHJHQ (FROL'XUFKIlOOH
,PSIWRPDWHJHJHQ6$567$DPLWHUVWHQ(UIROJHQ

Literatur zum Gene Pharming 
$00$11'X92*(/%7UDQVJHQH1XW]WLHUH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
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
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
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%(76&+')3KDUPDFHXWLFDO3URGXFWLRQ IURP7UDQVJHQLF$QLPDOV ,Q%LRWHFKQRORJ\ ,QIRUPDWLRQ
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 /8%21 + X 9(/$1'(5 9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
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
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%HWD&33 'LPHU - 'DLU\ 6FL 87    PLW (L]HOOHQ GHV &KLQHVLVFKHQ
+DPVWHUV







0$7<6,$. 6 0HGL]LQ DXV GHP (XWHU *HQH 3KDUPLQJ .KH VROOHQ LQ =XNXQIW 0HGLNDPHQWH















+ 0 7UDQVJHQLF PLON DV D PHWKRG IRU WKH SURGXFWLRQ RI UHFRPELQDQW DQWLERGLHV -RXUQDO RI
,PPXQRORJLFDO0HWKRGV231
5(+%(5*(5%:LUGGLH.XK]XU3KDUPDNXK"$*5$5)RUVFKXQJ96
6&+,&.7$1= 6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 ,KU /HLGHQ XQG LKU:RKOEHILQGHQ *HQHWKLVFKHU ,QIRUPDWLRQV
GLHQVW196
6(17.(5 $ 'DV JHNORQWH 6FKDI ³'ROO\´:HOFKHQ6LQQ KDW HV HLQ 7LHU ]X NORQLHUHQ"'LH =HLW 
ZLVVHQ1997KWWSZZZ]HLWGHDUFKLYSKDUPLQJW[W[PO
7$7KULQJHU$OOJHPHLQH,PSIWRPDWH=HLWXQJYRP2005D6QDFKHLQHUGSD0HOGXQJ
7,('(0$11 * 1XW]XQJVP|JOLFKNHLWHQ GHU 0LOFK WUDQVJHQHU 5LQGHU LQ SKDUPD]HXWLVFKHQ
(U]HXJQLVVHQ'LVNXVVLRQVIRUXPGHU'*I=DPLQ%RQQÄ*HQWHFKQLNLP,QWHUHVVH
GHU 1HXHQWZLFNOXQJ XQG 9HUEHVVHUXQJ IXQNWLRQHOOHU 0LOFKHU]HXJQLVVH³ '*I=6FKULIWHQUHLKH
1998+HIW6
9$1&277.(021$+$13(1,&+2/67&X9(/$1'(5:++DHPRSKLOLFIDFWRUVSUR
GXFHG E\ WUDQVJHQLF OLYHVWRFN DEXQGDQFH WKDW FDQ HQDEOH DOWHUQDWLYH WKHUDSLHV ZRUOGZLGH
+DHPRSKLOLD102FW6XSSO











3.4  Xenotransplantation 
'HUZDFKVHQGH%HGDUIDQ2UJDQHQIUGLH7UDQVSODQWDWLRQXQGGLHEHJUHQ]WH$Q]DKO
JHHLJQHWHU PHQVFKOLFKHU 6SHQGHU KDEHQ GD]X JHIKUW GDVV QDFK $OWHUQDWLYHQ ]XU
$OORWUDQVSODQWDWLRQ 7UDQVSODQWDWLRQ LQQHUKDOE GHU JOHLFKHQ 6SH]LHV JHVXFKW ZLUG
,QIROJH GHU SK\ORJHQHWLVFKHQ 1lKH VROOWHQ VLFK 3ULPDWHQ EHVRQGHUV IU GLH ;HQR
WUDQVSODQWDWLRQEHLP0HQVFKHQHLJQHQ'LHVHDXFKDOVNRQNRUGDQWH;HQRWUDQVSODQ
WDWLRQ EH]HLFKQHWH 0HWKRGH NDQQ MHGRFK QLFKW ]XU /|VXQJ GHV 0DQJHOV DQ
6SHQGHURUJDQHQ ZLH +HU] 1LHUH /HEHU XQG /XQJH EHLWUDJHQ 6HOEVW DXVJHZDFK
VHQH 3ULPDWHQ VLQG ]X NOHLQ XQG N|QQHQ ]XP DQGHUHQ QLFKW LQ DXVUHLFKHQGHP







Tabelle 16: 3XEOL]LHUWH %HULFKWH EHU NOLQLVFKH ;HQRWUDQVSODQWDWLRQHQ YRQ +HU]HQ
EHL NRQNRUGDQWHQ XQG GLVNRQNRUGDQWHQ 7LHUVSH]LHV QDFK %5(11(5

Spendertierart Technik Autor *) Jahr 
6FKLPSDQVH RUWKRWRS +$5'<XD 
6FKZHLQ RUWKRWRS 5266XD 
6FKDI RUWKRWRS &22/(<XD 
3DYLDQ KHWHURWRS %$51$5'XD 
6FKLPSDQVH KHWHURWRS %$51$5'XD 
3DYLDQ RUWKRWRS %$,/(<XD 
6FKZHLQ RUWKRWRS &=$3/,&.,XD 
$QPHUNXQJRUWKRWRS PHQVFKOLFKHV2UJDQZLUGHUVHW]WKHWHURWRS PHQVFKOLFKHV2UJDQYHUEOHLEW
LP .|USHU GDV WLHULVFKH 2UJDQ ZLUG LP Ä+XFNHSDFN9HUIDKUHQ³ KLQ]XJHIJW  NHLQH $QJDEHQ LP
/LWHUDWXUYHU]HLFKQLV

6FKZHLQH VLQG EHL YLHOHQ 2UJDQHQ LQ $QDWRPLH XQG 3K\VLRORJLH GHP 0HQVFKHQ
lKQOLFKXQGODVVHQVLFKSUHLVZHUWXQGVFKQHOOYHUPHKUHQ;HQRWUDQVSODQWDWLRQHQPLW
2UJDQHQ YRQ 6SH]LHV GLH VLFK KLQVLFKWOLFK GHU (YROXWLRQ QLFKW VR QDKH VWHKHQ
EH]HLFKQHW PDQ DOV GLVNRUGDQW ,P (UEJXW MHGHU 6FKZHLQH]HOOH EHILQGHQ VLFK DEHU
ZLH EHL IDVW DOOHQ 6lXJHWLHUHQ ]DKOUHLFKH HQGRJHQH 5HWURYLUHQ GLH ,QIHNWLRQHQ
DXVO|VHQ N|QQHQ *h1=%85* XQG 6$/0216  (LQ ZHLWHUHV 5LVLNR LVW PLW
GHQ ]X HUZDUWHQGHQ$EVWRXQJVYRUJlQJHQ EHL LPSODQWLHUWHQ;HQRRUJDQHQ YHUEXQ
GHQ GD GDV ,PPXQV\VWHPV GHV PHQVFKOLFKHQ (PSIlQJHUV GDV IUHPGH 2UJDQ DQ
VHLQHU ]HOOXOlUHQ 2EHUIOlFKHQVWUXNWXU HUNHQQW XQG YHUVXFKW HV ]X ]HUVW|UHQ 'LH
(U]HXJXQJ HLQHU =XFKWOLQLH GLH YRQ 5HWURYLUHQ IUHL LVW VRZLH P|JOLFKVW ZHQLJH
$QWLJHQVWUXNWXUHQ DXI GHU *HZHEHREHUIOlFKH DXIZHLVW VROOWH EHL +DXVVFKZHLQHQ
EHVVHUJHOLQJHQDOVEHLDQGHUHQ7LHUDUWHQ+LHU]XPVVHQ WUDQVJHQH7LHUHHU]HXJW
ZHUGHQ GHQHQ LPPXQRORJLVFK SDWKRSK\VLRORJLVFK XQG LQIHNWLRORJLVFK YHUWUlJOLFKH




WHQ GDVV GLH ;HQRWUDQVSODQWDWLRQ DOV 6WUDWHJLH QLFKW RKQH $XVVLFKW LVW GD GLH
(PSIlQJHUWLHUH ]ZLVFKHQ  XQG  E]Z  7DJHQ EHUOHEWHQ 1,(0$11 
 





YRQ QLFKWWUDQVJHQHQ 5LQGHUQ XQG 6FKZHLQHQ EHUHLWV LPSODQWLHUW RGHU LP 5DKPHQ
GHV Ä7LVVXH HQJLQHHULQJ³ DOV0DWUL[ JHQXW]WZHUGHQ *5(,0 ZLUG GLH HUVWH
SUDNWLVFKH 1XW]XQJ GHU WUDQVJHQHQ ;HQRWUDQVSODQWDWLRQ EHL ,QVHO]HOOWUDQVSODQWDWHQ
IU 'LDEHWLNHU XQG IU 2UJDQH EHLP+HU] HUZDUWHW JYJ  'LHPHGL]LQLVFKHQ
|NRQRPLVFKHQHWKLVFKHQXQG MXULVWLVFKHQ$VSHNWHGHU;HQRWUDQVSODQWDWLRQZXUGHQ
LQ HLQHU 6WHOOXQJQDKPH GHV :LVVHQVFKDIWOLFKHQ %HLUDWHV GHU %XQGHVlU]WHNDPPHU
DXIJHIKUW +233( XQG 6(:,1*   JUQGHWH VLFK HLQH 'HXWVFKH
$UEHLWVJHPHLQVFKDIWIU;HQRWUDQVSODQWDWLRQ'$;ZZZUNLGH,Q]ZLVFKHQZXUGHLQ
'HXWVFKODQG DXFK HLQ )RUVFKXQJVYHUEXQG JHJUQGHW GHU KRPR]\JRWWUDQVJHQH
6FKZHLQHPLWJHULQJHU$XVELOGXQJYRQ,PPXQNRPSRQHQWHQXQGSRUFLQHQ5HWURYLUHQ
HU]HXJHQ ZLOO JYJ  =XP *HELHW GHU ;HQRWUDQVSODQWDWLRQ H[LVWLHUW HLQH






=XVDPPHQKDQJ PLW GHU ;HQRWUDQVSODQWDWLRQ GHQ %HJULII Ä2UJDQOLHIHUDQW³ ]X
YHUZHQGHQ (V LVW EHUHLWV MHW]W DE]XVHKHQ GDVV GLHVH ELRPHGL]LQLVFKH ,QQRYDWLRQ
IDOOVVLHVLFKLQEUHLWHP8PIDQJGXUFKVHW]WQRFKZHQLJHUDOVGDV*HQH3KDUPLQJHLQ
%HUHLFK GHU 7LHUSURGXNWLRQ VHLQ ZLUG (V PXVV EHWRQW ZHUGHQ GDVV EHL GHU )RU





RGHU 2UJDQHQ DXV HPEU\RQDOHQ RGHU DGXOWHQ 6WDPP]HOOHQ GDU 0LW GLHVHP )RU
VFKXQJV]ZHLJYHUELQGHWVLFKGLH+RIIQXQJGLH3UREOHPHGHULPPXQUHDNWLRQVEHGLQJ
WHQ $EVWRXQJ VRZLH GLH ,QIHNWLRQ PLW 5HWURYLUHQ DXV]XVFKOLHHQ 6R VROO EHUHLWV
HLQHU .XK RKQH $EVWRXQJVUHDNWLRQ +HU] XQG 1LHUHQJHZHEH LPSODQWLHUW ZRUGHQ
VHLQ GDV ]XYRU DXV JHNORQWHQ 6WDPP]HOOHQ JHZRQQHQZXUGH +,//(%5$1' XD





















+$00(5&;HQRWUDQVSODQWDWLRQ ZLOO EULQJ LW WKHVROXWLRQ WRRUJDQVKRUWDJH"$QQ7UDQVSODQW9











1,(0$11 + %LRWHFKQRORJLH GHU 5HSURGXNWLRQ DQ GHU 6FKZHOOH GHV QHXHQ -DKUWDXVHQGV 
+OVHQEHUJHU*HVSUlFKH:HLPDUELV-XQL20006FKULIWHQUHLKHGHU+:LOKHOP
6FKDXPDQQ6WLIWXQJ+DPEXUJ6
1,(0$11+&XUUHQW VWDWXV DQGSHUVSHFWLYHV IRU WKH JHQHUDWLRQ RI WUDQVJHQLF SLJV IRU [HQRWUDQV
SODQWDWLRQ$QQ7UDQVSODQW6
1,(0$11 + )RUWVFKULWWH LQ GHU %LRWHFKQRORJLH IU GLH )OHLVFKSURGXNWLRQ LP -DKUH  )OHLVFK






6&+,&.7$1= 6 'DV 7LHU DOV 2UJDQOLHIHUDQW ;HQRWUDQVSODQWDWLRQ HLQH %LRWHFKQLN GHU =XNXQIW"
%,2IRUXP286
3.5 Gentechnik in der Tierproduktion 








'LHVH 8QWHUWHLOXQJ VROO EHL GHU ZHLWHUHQ 'DUVWHOOXQJ GHV .HQQWQLVVWDQGHV ]XU $Q
ZHQGXQJ GHU *HQWHFKQLN LQ GHU 7LHUSURGXNWLRQ DOV *OLHGHUXQJ GLHQHQ *HQRP
DQDO\VHPDUNHUJHVWW]WH6HOHNWLRQ$EVWDPPXQJVNRQWUROOH+HUNXQIWVVLFKHUXQJXQG
*HQGLDJQRVWLN VWHOOHQPROHNXODUELRORJLVFK  JHQDQDO\WLVFKH9HUIDKUHQGDU XQGZHU
GHQLP$EVFKQLWW*HQDQDO\WLNLQGHU7LHUSURGXNWLRQYRUJHVWHOOW










- 1HXH 'LPHQVLRQHQ LQ GHU ELRPHGL]LQLVFKHQ )RUVFKXQJ EHLVSLHOVZHLVH LP %H
UHLFKGHU2UJDQWUDQVSODQWDWLRQHQ
 
- (UIRUVFKXQJ JHQHWLVFKHU =XVDPPHQKlQJH XQG ,GHQWLIL]LHUXQJ VSH]LILVFKHU (UE




3.5.1 Transgene landwirtschaftliche Nutztiere 
0h//(5 XQG %5(0  VDKHQ GLH =LHOH EHLP (LQVDW] WUDQVJHQHU ODQGZLUW


















Tabelle 17: 0HWKRGHQ ]XU (UVWHOOXQJ WUDQVJHQHU ODQGZLUWVFKDIWOLFKHU 1XW]WLHUH
32670$XD%(6(1)(/'(5

















Erfolgsrate (auf die Anzahl transferierter Zygoten 























in % pro 
Nachkom-
men




0DXV     
.DQLQFKHQ     
5DWWH     
5LQG     
6FKZHLQ     
6FKDI     

%HLGHQDXIGHP:HJHGHU0LNURLQMHNWLRQHU]HXJWHQWUDQVJHQHQ7LHUHQ LVWZLHGHQ









5LQGHUQ PLW +LOIH GHU 0LNURLQMHNWLRQ ]ZLVFKHQ  XQG   GHU HWDEOLHUWHQ
7UlFKWLJNHLWHQ7DE'XUFK(PEU\RQHQELRSVLHVRZLH1DFKZHLVGHU7UDQVJHQLWlW
XQG%HVWLPPXQJ GHV*HVFKOHFKWHVPLWWHOV0XOWLSOH[3&5ZLUG JHZlKUOHLVWHW GDVV
DXVVFKOLHOLFK WUDQVJHQH.KHJHQHULHUWZHUGHQ$XFKZHQQGLH'DWHQGHU7DEHOOH































Q      




Tabelle 21: .RVWHQYHUJOHLFK GHU (UVWHOOXQJ YRQ WUDQVJHQHQ 7LHUHQ LQ '0 QDFK
.$/0  ]LWLHUW DXV:$// XD  E]Z LQ  QDFK $00$11
XQG92*(/
Aufwand-Parameter Maus Schwein Schaf Rind 
.RVWHQ7LHU    
.RVWHQ7DJ7LHU    
%HWUHXXQJV]HLW
$Q]DKO7LHUH[7DJH
   
'0 '0 '0 '0.RVWHQIUHLQH[SUHPLH
UHQGHVWUDQVJHQHV7LHU    ±

:HJHQGHUJURHQ.RVWHQJHQWHFKQLVFKHU([SHULPHQWHEHLGHU7LHUDUW5LQGHUIROJWHQ
*UXQGODJHQXQWHUVXFKXQJHQ ]X GHQ *HQHQ GHU .XKPLOFKSURWHLQH ]XQlFKVW DQ
0lXVHQ GHQHQ VROFKH *HQH ]XYRU LQV *HQRP HLQJHEDXW ZXUGHQ 6R EHULFKWHWHQ
-(1* XD   EHU ([SUHVVLRQ 5HLQLJXQJ XQG &KDUDNWHULVLHUXQJ YRQ
5LQGHUȕ&DVHLQ XQG 5LQGHUĮ/DNWDOEXPLQ LQ 0lXVHPLOFK hEHU GLH YRU DOOHP DP
0RGHOOWLHU 0DXV DEHU DXFK EHL DQGHUHQ 6lXJHWLHUHQ GXUFKJHIKUWHQ ]DKOUHLFKHQ
6WXGLHQ]XU([SUHVVLRQYRQDUWIUHPGHQ0LOFKSURWHLQHQJDE:$//XD
HLQH hEHUVLFKW ([SUHVVLRQVXQWHUVXFKXQJHQ ZHUGHQ HEHQIDOOV DQ NXOWLYLHUWHQ
5LQGHUHPEU\RQHQXQWHUQRPPHQYJO<$6((1'LHQRWZHQGLJHQ6FKULWWHDXI











7LHUHQ EHVFKUlQNW VLFK LKU (LQVDW] ELV KHXWH DXI GLH ELRPHGL]LQLVFKH
*UXQGODJHQIRUVFKXQJ 0RGHOOWLHUH VRZLH DXI 7LHUH DOV %LRUHDNWRUHQ *HQH












Wachstum Fleisch Milch Wolle,
Seide
5LQG [  [  [ [ 
6FKDI [  [  [  [
=LHJH [      [
6FKZHLQ [ [ [ [ [ [ 
+XKQ [  [  [  
.DQLQFKHQ [      




Tabelle 23: %HLVSLHOH IU 1XW]WLHUH PLW HLQHP ZDFKVWXPVVWHLJHUQGHQ 7UDQVJHQ
QDFK$00$11XQG92*(/E]Z3856(/






























WHQ)lOOHQDXV]ZHL LQ LKUHU)XQNWLRQDOLWlWPLWHLQDQGHU IXVLRQLHUWHQ*HQDEVFKQLWWHQ
3URPRWRUXQG:LUNRGHU=LHOJHQ,Q7DEHOOHVLQGHLQLJH%HLVSLHOHIUGLHhEHUWUD




Tabelle 24: 9HUVXFKH ]XU %HVFKOHXQLJXQJ YRQ :DFKVWXP XQG (QWZLFNOXQJ EHL
1XW]WLHUHQ GXUFK hEHUWUDJXQJ YRQ 7UDQVJHQNRQVWUXNWHQ 1,(0$11

Tierart Promotor Wirkgen Vorteile * Nachteile * 






















































































 LQ %H]XJ DXI GLH QLFKWWUDQVJHQHQ .RQWUROOWLHUH 07   0HWDOORWKLRQHLQ *+   JURZWK KRUPRQH  
:DFKVWXPVKRUPRQ S   SRUFLQHV E   ERYLQHV K   KXPDQHVP69 PXULQHV6DUNRPD9LUXV GK
0DXV6DUNRPD9LUXVJ JDOOXVGKYRP+XKQDEVWDPPHQGVNL *HQGDVIU7UDQVIRUPDWLRQXQG
'LIIHUHQ]LHUXQJ LP 0XVNHO YHUDQWZRUWOLFK LVW S   SRXOWU\   *HIOJHO 3(3&.  
3KRVSKRHQROS\UXYDWFDUER[\NLQDVH *5)   :DFKVWXPVKRUPRQ5HOHDVLQJ)DNWRU   GHP *+
YRUJHVFKDOWHWHV5HJXODWLRQVHOHPHQWDXVGHU+\SRSK\VH
 
Tabelle 25: %HLVSLHOH YRQ 9HUVXFKHQ 1XW]WLHUH JHQWHFKQLVFK .UDQNKHLWVUHVLVWHQ]
]X YHUOHLKHQ QDFK ),6&+(5  VRZLH $00$11 XQG 92*(/






  5LQG 7U\SDQRVRPD
/\VRVWDSKLQ*HQ  5LQG 0DVWLWLVYJO:$//XD
0[*HQ 0DXV 6FKZHLQ ,QIOXHQ]D
,PPXQRJOREXOLQ*HQH 0DXV 6FKZHLQ 





+OOSURWHLQ*HQ 9LVQD9LUXV 6FKDI 9LVQD9LUXV GXUFK %LOGXQJ YRQ
YLUDOHP3URWHLQ
+OOSURWHLQ*HQ /HXNRVH9LUXV +XKQ $YLlUHV/HXNRVH9LUXV$9/
EHL*HIOJHOZLUG]XZHLWHUHQ5HVLVWHQ]HQ]%JHJHQ6DOPRQHOOHQ0DUHNVFKH.UDQNKHLWJHIRUVFKW

Tabelle 26: :HLWHUH JHQWHFKQLVFKH 9HUlQGHUXQJHQ EHL ODQGZLUWVFKDIWOLFKHQ 1XW]
WLHUHQXQG)LVFKHQPLWGHP=LHOHLQHU(IIL]LHQ]VWHLJHUXQJLQ7LHUSURGXN
WLRQ E]Z )LVFKHUHL QDFK ),6&+(5  $00$11 XQG 92*(/
g.2,167,787VRZLH3277+2)XQG7(8)(/
Tierart Aspekte der Tierproduktion und Fischerei 




6FKZHLQ  EHVVHUH )XWWHUYHUZHUWXQJ XQG JHULQJHUH 8PZHOWEHODVWXQJ ]% &HOOX
ORVH$EEDX 3K\WDW39HUZHUWXQJ GXUFK hEHUWUDJXQJ GHU *HQH IU
HQWVSUHFKHQGH(Q]\PHYJO11
  6DXHQ PLW HUK|KWHU 0LOFKSURGXNWLRQ ]XU EHVVHUHQ )HUNHODXI]XFKW Į
/DNWDOEXPLQ*HQGHV5LQGHVYJO:+((/(5XD
6FKDI  6WHLJHUXQJGHU:ROOSURGXNWLRQGXUFK7UDQVJHQHIU6HULQ7UDQVDFHW\OD
VH 2$FHW\OVHULQ 6XOIK\GU\ODVH ,QVXOLQlKQOLFKHU :DFKVWXPVIDNWRU ,
&KORUDPSKHQLFRO$FHW\OWUDQVIHUDVH 9HUEHVVHUXQJ GHU :ROOTXDOLWlW
GLFKWHUH PRWWHQUHVLVWHQWH QLFKW YHUILO]HQGH :ROOH 6HOEVWDEZXUI YRQ
:ROOH
*HIOJHO  N|USHUHLJHQH 6\QWKHVH HVVHQ]LHOOHU $PLQRVlXUHQ GXUFK hEHUWUDJXQJ
EDNWHULHOOHU*HQV\VWHPHE]Z9HUlQGHUXQJHQLP3URWHLQPXVWHU
  EHVFKOHXQLJWHV:DFKVWXP GXUFKhEHUWUDJXQJ YRQ:DFKVWXPVKRUPRQ
*HQHQK|KHUHU)OHLVFKHUWUDJ
)LVFK  5HVLVWHQ]HQJHJHQEDNWHULHOOH ,QIHNWLRQGXUFKHUK|KWH/\VR]\PELOGXQJ
XQGJHJHQ3DUDVLWHQ
  EHVFKOHXQLJWHV:DFKVWXP GXUFKhEHUWUDJXQJ YRQ:DFKVWXPVKRUPRQ
*HQHQDQGHUHU)LVFKDUWHQ
  9HUEHVVHUXQJGHU)XWWHUYHUZHUWXQJ







'LH HUVWHQ WUDQVJHQHQ 1DKUXQJVPLWWHO DXV GHP 7LHUUHLFK ZHUGHQ ZDKUVFKHLQOLFK
)LVFKHVHLQGDGHUHQ)RUWSIODQ]XQJVELRORJLHJHQWHFKQLVFKH9HUlQGHUXQJHQOHLFKWHU
HUP|JOLFKWDOVGDVEHL6lXJHWLHUHQGHU)DOO LVW1,(0$11(VVROOEHUHLWVDQ
FD  )LVFKDUWHQ JHOXQJHQ VHLQ JHQWHFKQLVFKH 9HUlQGHUXQJHQ YRU]XQHKPHQ
6&+5(&.(1%(5* Ä0LWGHU(QWZLFNOXQJYRQ WUDQVJHQHQ)LVFKHQZLUGGLH




)LVFKH DOV 0RQLWRU2UJDQLVPHQ IU GLH (QWGHFNXQJ YRQ 8PZHOWVFKDGVWRIIHQ RGHU
YRQWUDQVJHQHQ7LHUHQJHJHQVRJHQDQQWHLQYDVLYH7LHUDUWHQGLHYHUVHKHQWOLFKRGHU
YRUVlW]OLFK LQ EHVWLPPWH gNRV\VWHPH HLQJHIKUW ZXUGHQ g.2,167,787 
'DV HUVWH WUDQVJHQH +DXVWLHU LVW HLQ IOXRUHV]LHUHQGHU URWHU =HEUDILVFK GHU LQ GHQ
86$VHLW-DQXDUYRQGHU)LUPD<RUNWRZQ7HFKQRORJLHVXQWHUGHU%H]HLFKQXQJ
Ä*OR)LVK³ YHUPDUNWHW ZLUG +$//(50$1  /$0%  8UVSUQJOLFK ZDU




XQG )LVFKHQ ]XU 9HUEHVVHUXQJ GHU 3URGXNWTXDOLWlW QDFK ),6&+(5
$00$11XQG92*(/VRZLHg.2,167,787
Tierart Aspekte der Produktqualität 
5LQG  YHUlQGHUWH 0LOFKSURWHLQ]XVDPPHQVHW]XQJ GXUFK 9HUKLQGHUXQJ GHU
*HQH[SUHVVLRQ6\QWKHVHKHPPXQJRGHUGXUFK%LOGXQJQHXHU3URWHLQH
  YHUlQGHUWH 0LOFKIHWW]XVDPPHQVHW]XQJ GXUFK 9HUlQGHUXQJ GHU DQ GHU
)HWWV\QWKHVHEHWHLOLJWHQ(Q]\PHZHLWHUH%HLVSLHOHVLHKH7DEELV
6FKZHLQ  5HGXNWLRQGHV)HWWJHKDOWHV LP)OHLVFKGXUFKhEHUWUDJXQJYRQ:DFKV
WXPVKRUPRQ*HQHQ
  hEHUWUDJXQJ YRQ Ä6SLQDW*HQHQ³ )$'*HQ ]XU (LJHQV\QWKHVH YRQ
/LQROVlXUH LP 6FKZHLQ XQG (UK|KXQJ GHV $QWHLOV PHKUIDFK
XQJHVlWWLJWHU)HWWVlXUHQLP6FKZHLQHIHWWYJO6$(.,XD










3.5.1.2  Gentechnische Veränderung der Milchzusammensetzung 
8PIDQJUHLFKH 9RUVWHOOXQJHQ EHVWDQGHQ IUK]HLWLJ KLQVLFKWOLFK GHU JHQWHFKQLVFKHQ
9HUlQGHUXQJ YRQ .XKPLOFK -,0(1(=)/25(6 XQG 5,&+$5'621  *HQ
WHFKQLVFKH9HUlQGHUXQJHQGHU0LOFK]XVDPPHQVHW]XQJYHUIROJHQHQWZHGHU WHFKQR
ORJLVFK|NRQRPLVFKHRGHUQXWULWLYH=LHOH(QWVWHKWGHP9HUEUDXFKHUEHLHUVWHUHQNHLQ
XQPLWWHOEDUHU =XVDW]QXW]HQ VROOHQ GLH JHQWHFKQLVFKHQ9HUlQGHUXQJHQ GHU ]ZHLWHQ





JHQWHFKQLVFKHU )RUVFKXQJ ZRKO YRU DOOHP EHL .XKPLOFK HLQWUHWHQ ZHUGHQ 0LOFK
ULQGKHUGHQPLWVSH]LHOOHP3URGXNWLRQV]LHOXQGHQWVSUHFKHQGVHSDUDWHU9HUDUEHLWXQJ
VROOHQ QHXH 9HUPDUNWXQJVFKDQFHQ IU0LOFK XQG0LOFKSURGXNWH VFKDIIHQ 'D QDFK
$XVVDJHQ]DKOUHLFKHU$XWRUHQELV]XGHU:HOWEHY|ONHUXQJPHKURGHUZHQLJHU
8QYHUWUlJOLFKNHLWVUHDNWLRQHQ /DNWRVH ȕ/DNWRJOREXOLQ EHLP 0LOFKYHU]HKU ]HLJHQ
DXVJHSUlJW EHL %HY|ONHUXQJVJUXSSHQ LQ $IULND $VLHQ XQG /DWHLQDPHULNDZHUGHQ
GLH %HPKXQJHQ ]XU JHQWHFKQLVFKHQ 9HUlQGHUXQJ GHU 0LOFK]XVDPPHQVHW]XQJ
IRUFLHUW.$5$7=$6XQG7851(5'LH'HXWVFKH*HVHOOVFKDIWIU=FKWXQJV
NXQGH '*I= IKUWH DP  HLQ 6HPLQDU ]XP 7KHPD Ä*HQWHFKQLN LP




Tabelle 28: 3RWHQ]LHOOH JHQWHFKQLVFKH 0RGLILNDWLRQHQ YRQ .XKPLOFKEHVWDQGWHLOHQ
PLW$XVZLUNXQJHQIUGHQ0LOFKHU]HXJHU%5(0(/XD%/(&.
XD:$//XD$00$11XQG92*(/


















Tabelle 29: 3RWHQ]LHOOH JHQWHFKQLVFKH 0RGLILNDWLRQHQ YRQ .XKPLOFKEHVWDQGWHLOHQ
PLW 1XW]HQ IU GLH 0LOFKLQGXVWULH %5(0(/ XD  %/(&. XD
:$//XD$00$11XQG92*(/































Gentechnologischer Ansatz Veränderungen in der Milch/Konsequenz 
6HNUHWLRQYRQ/\VR]\P HUK|KWHU .lVHHUWUDJ XQG YHUEHVVHUWHU 6FKXW]
JHJHQXQHUZQVFKWH0LOFKPLNURRUJDQLVPHQ
9HUULQJHUXQJ GHU ([SUHVVLRQ YRQ
$FHW\O&RHQ]\P$&DUER[\ODVH
IHWWDUPH 0LOFKSURGXNWH ZHQLJHU %XWWHU XQG









GDYRQ DXV]XJHKHQ GDVV EHL GHU $XVZDKO YRQ5LQGHUUDVVHQ ]XU (U]HXJXQJ WUDQV
JHQHU /LQLHQ GLH PLWWOHUH 1XW]XQJVGDXHU RGHU /HEHQVPLOFKOHLVWXQJ .ULWHULHQ VHLQ
ZHUGHQ'LH7DEHOOHQELVYHUGHXWOLFKHQDP%HLVSLHOGHU0LOFK]XJOHLFKGDVV







Tabelle 30: 3RWHQ]LHOOH JHQWHFKQLVFKH 0RGLILNDWLRQHQ YRQ .XKPLOFKEHVWDQGWHLOHQ
PLW 1XW]HQ IU GHQ 9HUEUDXFKHU %5(0(/ XD  %/(&. XD
:$// XD  $00$11 XQG 92*(/  -$+5(,6 XQG
.5$)7E
Gentechnologischer Ansatz Veränderungen in der Milch/Konsequenz 








YHUEHVVHUWH 9HUGDXEDUNHLW $EVHQNXQJ GHV DO










(QWIHUQXQJ YRQ DOOHUJHQHQ 7HLOVH
TXHQ]HQ EHL ĮV&DVHLQ ȕ/DNWR
JOREXOLQXQGĮ/DNWDOEXPLQ
EHVVHUH9HUWUlJOLFKNHLWYRQ0LOFK
6HNUHWLRQ YRQ KXPDQHP /DNWRIHU
ULQXQGKXPDQHP/\VR]\P





(QWIHUQXQJ YRQ /DNWRVH XQGRGHU Į/DNWDOEX
PLQHUK|KWH0LOFKYHUWUlJOLFKNHLW
3URGXNWLRQYRQ,PPXQRJOREXOLQHQ JU|HUH JHVXQGKHLWOLFKH 6LFKHUKHLW JHJHQ KX
PDQSDWKRJHQH (UUHJHU ZLH 6DOPRQHOOHQ XQG
/LVWHULHQ
 
Gentechnologischer Ansatz Veränderungen in der Milch/Konsequenz 
9HUULQJHUXQJ GHU ([SUHVVLRQ YRQ
$FHW\O&RHQ]\P$&DUER[\ODVH
YHUULQJHUWHU )HWWJHKDOW YHUEHVVHUWH QXWULWLYH
4XDOLWlWGHU7ULQNPLOFK
]XVlW]OLFKH ([SUHVVLRQ YRQ ,PPX
QRJOREXOLQ*HQHQ
EHVVHUHU 6FKXW] JHJHQ SDWKRJHQH .HLPH ZLH
6DOPRQHOOHQXQG/LVWHULHQ




$OOH JHQWHFKQLVFKHQ (LQJULIIH GLH GLH RVPRWLVFKH 5HJXODWLRQ GHU 0LOFKVHNUHWLRQ
EHUKUHQN|QQHQIUGHQ0LOFKHU]HXJHUDXFKPLWHLQHUYHUULQJHUWHQ0LOFKSURGXNWLRQ
YHUEXQGHQ VHLQ ./267(50(<(5  VRZLH -$+5(,6 XQG .5$)7 E
ZLHVHQGDUDXIKLQGDVVEHL(QWIHUQXQJYRQ/DNWRVHE]ZĮ/DNWDOEXPLQRGHUYRQȕ
/DNWRJOREXOLQDXVGHU0LOFK]XHUQVWKDIWHQ6W|UXQJHQEHLGHU0LOFKELOGXQJXQG±HMHN
WLRQ YLVNRVH0LOFK VRZLH LQ GHU 3DQVHQSK\VLRORJLH IHKOHQGHU +\GULHUXQJVVFKXW]
NRPPHQNDQQ:LHDXVGHU7DEHOOH KHUYRUJHKW EHVWHKHQDEHU DQGHUH$OWHUQD
WLYHQ GHU 7UDQVJHQHVH LQGHP EHL GHQ JHQDQQWHQ 0LOFKSURWHLQHQ DOOHUJHQH 7HLO
VHTXHQ]HQQLFKW WUDQVNULELHUWZHUGHQXQGGDV'LVDFFKDULG/DNWRVHGXUFK]XVlW]OLFK
JHELOGHWH ȕ*DODNWRVLGDVH LQ GLH 0RQRVDFFKDULGH *OXNRVH XQG *DODNWRVH YRU
JHVSDOWHQZLUG

'LH JHJHQZlUWLJHQ XQG NQIWLJHQ (UZDUWXQJHQ DQ GLH +DOWXQJ YRQ WUDQVJHQHQ
ODQGZLUWVFKDIWOLFKHQ1XW]WLHUHQIDVVWH%5(0(/XD]XVDPPHQ1DFK$QVLFKW
GHU$XWRUHQN|QQHQWUDQVJHQH1XW]WLHUHHLQHQZHVHQWOLFKHQ%HLWUDJ]XP³3Ul]LVLRQV
)DUPLQJ³ OHLVWHQ LQGHP GHU (LQVDW] YRQ $QWLELRWLND XQG 3HVWL]LGHQ VRZLH GLH
(PLVVLRQYRQ6FKDGJDVHQ $PPRQLDN0HWKDQ'LVWLFNVWRIIR[LGXQGGHU1lKUVWRII
HLQWUDJ6WLFNVWRII3KRVSKRULQGHQ%RGHQPLQLPLHUWZHUGHQ*OHLFK]HLWLJNDQQVLFK
GLH (IIL]LHQ] EHL GHU 9HUDUEHLWXQJ WLHULVFKHU 5RKVWRIIH LQ GHU /HEHQVPLWWHOLQGXVWULH
HUK|KHQ XQG EHL GHQ 1DKUXQJVPLWWHOQ HLQ ]XVlW]OLFKHU 1XW]HQ IU GHQ (QGYHU
EUDXFKHU HUJHEHQ ,P GHXWVFKHQ 6SUDFKUDXP HUVFKLHQHQ PHKUIDFK hEHUVLFKWV
EHLWUlJH LQ GHQHQ EHU GLH 3HUVSHNWLYHQ HLQHU 0LOFKHU]HXJXQJ PLW WUDQVJHQHQ
.KHQEHULFKWHWZXUGH %5(0XQG0h//(5 D'*I= +(//(5 
.h7=(0(,(51,(0$11E%5$81XVZVD




3.5.1.3  Transgene Nutztiere: 
Risiken, ethische Bedenken, rechtliche Aspekte
%HUHLWVDXIGHP'*I='LVNXVVLRQVIRUXP]XJHQWHFKQLVFKYHUlQGHUWHU0LOFKZXUGHQ
VFKRQGHQNEDUH$QIRUGHUXQJHQIUGLH*HQHKPLJXQJ0(<(5VRZLHIUGLH
9HUNHKUVIlKLJNHLW YRQ /HEHQVPLWWHOQ DXV RGHU PLW GHU 0LOFK WUDQVJHQHU 5LQGHU
=XODVVXQJVDXIODJHQXQG6LFKHUKHLWVEHZHUWXQJ6202*<,XD72866$,17














Auswirkungen auf die menschliche Gesundheit 
'HU 9HUEOHLE GHU PLW GHU 1DKUXQJ DXIJHQRPPHQHQ IUHPGHQ '1$ LP




*HQWHFKQLN JHZRQQHQ ZRUGHQ (V JDOW ELV $QIDQJ GHU QHXQ]LJHU -DKUH GHV 
-DKUKXQGHUWVDOVJHVLFKHUWHDNDGHPLVFKH/HKUPHLQXQJGDVVGLH1XNOHLQVlXUHQ LP
9HUGDXXQJVWUDNW ELV DXI LKUH*UXQGEDXVWHLQH 3XULQ XQG 3\ULPLGLQEDVHQ 'HVR[\
ULERVH5LERVHXQG3KRVSKDWDEJHEDXWZUGHQYJO,'(/'LH0RGHOOVWXGLHQ
PLW DOLPHQWlU ]XJHIKUWHU '1$ EHVFKUlQNHQ VLFK ELVODQJ DXI 1XNOHLQVlXUHQ DXV
3IODQ]HQXQG%DNWHULRSKDJHQVRZLHDXIGLH7LHUDUWHQ%LHQH0DXV+XKQ6FKZHLQ
6FKDIXQG5LQGYJO7DE(VJLEWMHGRFKELVODQJNHLQHQ+LQZHLVGDUDXIGDVVGLH
IUHPGH'1$ LQ GDV*HQRP GHV VLH YHU]HKUHQGHQ:LUWHV LQWHJULHUW VRZLH UHSOL]LHUW
ZLUG5(+1(5XQG'$1,(/'LHWlJOLFKHRUDOH$XIQDKPHYRQ'1$GHVJUQ
IOXRUHV]LHUHQGHQ3URWHLQV*)3GXUFK0lXVHIKUWHEHUDFKW*HQHUDWLRQHQKLQZHJ
LQ NHLQHP)DOO ]XP1DFKZHLV GHU'1$RGHU LKUHU )UDJPHQWH LP*HQRPGHU 7LHUH
5(+1(5XQG'$1,(/ (LQH DQGHUH)ROJH GHU$XIQDKPH WUDQVJHQHU1DK
UXQJN|QQWHGDULQEHVWHKHQGDVVQHXHDOOHUJHQH3URWHLQHDOV([SUHVVLRQVSURGXNWH
GHU WUDQVJHQHQ 6HXHQ]HQ DXIWUHWHQ 'DV /HEHQVPLWWHOUHFKW VFKUHLEW DEHU YRU GHP














 3UREOHPH HUJHEHQ VLFK EHVRQGHUV EHL NOHLQHUHQ 7LHUHQ ZLH 9|JHO 0lXVH
RGHU EHVRQGHUV EHL )LVFKHQ +LHU LVW HLQ (QWNRPPHQ DXV GHQ +DOWXQJV RGHU
=XFKWDQODJHQ OHLFKWP|JOLFK6RZHLW HLQHEHVVHUH$QSDVVXQJDQ8PZHOWEHGLQJXQ
JHQ YRUOLHJW N|QQWHQ WUDQVJHQH /DFKVH EHLVSLHOVZHLVH GLH 1RUPDOSRSXODWLRQ DXV
LKUHP DQJHVWDPPWHQ /HEHQVUDXP YHUGUlQJHQ )U GLH +DOWXQJ WUDQVJHQHU 7LHUH
GLHVHU$UWHQNRPPWQXUHLQÄFRQWDLQPHQW³6\VWHPPLWKRKHP6LFKHUKHLWVVWDQGDUGLQ
)UDJH YJO 3277+2) XQG 7(8)(/  E]Z GHU (LQVDW] VWHULOHU /LQLHQ 'LH
9HUDUPXQJ GHU JHQHWLVFKHQ 9LHOIDOW GLH RIW DOV $UJXPHQW JHJHQ GLH *UQH *HQ
WHFKQLN DQJHIKUW ZLUG VWHOOW NHLQ VSH]LILVFKHV 3UREOHP GHU .ORQLHUXQJ XQG
7UDQVJHQLWlW YRQ1XW]WLHUHQGDU GD VLH EHUHLWV LQ GHU KHXWLJHQ+RFKOHLVWXQJV]XFKW
 




:lKUHQG ]X GHQ P|JOLFKHQ DJUDUVR]LRORJLVFKHQ .RQVHTXHQ]HQ GHV $QEDXV
WUDQVJHQHU3IODQ]HQVFKRQHLQHJDQ]H5HLKHYRQ3XEOLNDWLRQHQHUVFKLHQHQLVWIHKOW
VROFKH/LWHUDWXULQIROJHGHUQRFKLP)RUVFKXQJVVWDGLXPEHILQGOLFKHQ(QWZLFNOXQJEHL
WUDQVJHQHQ ODQGZLUWVFKDIWOLFKHQ 1XW]WLHUHQ ZHLWJHKHQG 'DV %UR IU 7HFKQLNIRO
JHQDEVFKlW]XQJ EHLP 'HXWVFKHQ %XQGHVWDJ 7$% KlOW HLQH 9HUlQGHUXQJ GHU
$JUDUVWUXNWXUHQ EHL GHU (LQIKUXQJ GHU .ORQLHUXQJ VRZRKO EHL GHQ =FKWXQJVRU

















2EZRKO VLFK GDV*HVDPWJHELHW GHU*HQWHFKQLN HLQHU HWKLVFKHQ%HXUWHLOXQJ VWHOOHQ
PXVV +211()(/'(5  HUZHLWHUW VLFK EHVRQGHUV EHL JHQWHFKQLVFK YHU
lQGHUWHQ7LHUHQ GLH5LVLNRGLVNXVVLRQ XPHWKLVFKH)UDJHQ 6,// 'HVZHJHQ
ZHUGHQ ]XVlW]OLFK ]X GHQ EHUHLWV DXIJHIKUWHQ 5LVLNRNULWHULHQ EHL JHQWHFKQLVFKHQ
0DQLSXODWLRQHQDQ7LHUHQIROJHQGH)RUGHUXQJHQHUKREHQ6&+/,77
 *HQWHFKQRORJLVFKH (LQJULIIH GUIHQ EHL 7LHUHQ QLFKW ]X DQKDOWHQGHP 6FKPHU]
RGHU]XHLQHUHUK|KWHQ.UDQNKHLWVDQIlOOLJNHLWIKUHQ
 %HL GHU JHQWHFKQRORJLVFKHQ 9HUlQGHUXQJ GHU (UEDQODJHQ YRQ 7LHUHQ VLQG 
GHUHQ $UW XQG LKUHU (QWZLFNOXQJV $QSDVVXQJV XQG 'RPHVWLNDWLRQVVWXIH HQW
VSUHFKHQG  GHUHQ SK\VLRORJLVFKH XQG HWKRORJLVFKH %HGUIQLVVH QDFK IHVWVWH
KHQGHQ (UIDKUXQJHQ XQG ZLVVHQVFKDIWOLFKHQ (UNHQQWQLVVHQ ]X EHUFNVLFKWLJHQ
VHOEVWlQGLJH/HEHQVIlKLJNHLW






+LQVLFKWOLFK HWKLVFKHU %HGHQNHQ EHL GHU *HQHULHUXQJ WUDQVJHQHU 7LHUH VLQG LP












'LHVH ,QVWLWXWLRQHQ VLFKWHQ HLQHUVHLWV V\VWHPDWLVFK GLH ]XJlQJOLFKH /LWHUDWXU ]XU
*HQWHFKQLN VRZLH ]XU %LRWHFKQRORJLH XQG lXHUQ VLFK DQGHUHUVHLWV LQ HLJHQHQ
3XEOLNDWLRQVRUJDQHQ NULWLVFK ]X GHQ DXI GLHVHQ *HELHWHQ YHU|IIHQWOLFKWHQ ZLVVHQ
VFKDIWOLFKHQ$UEHLWHQ(LQH=XVDPPHQIDVVXQJDOOHU$UJXPHQWHJHJHQWUDQVJHQHXQG





- $XVVFKDOWXQJ GHU 6HOEVWUHJXODWLRQ QDFK GHU ,QWHJUDWLRQ YRQ WLHUDUWIUHPGHQ
:DFKVWXPVJHQHQ XQG N|USHUOLFKH 6FKlGHQ EHL GHQ WUDQVJHQHQ 7LHUHQ GXUFK
3RVLWLRQVHIIHNWH YRQ )UHPGJHQHQ XQG SK\VLRORJLVFKH :LUNXQJ YRQ RUJDQXQ
VSH]LILVFKH[SUHPLHUWHQ;HQRSURWHLQHQDXIGDV(U]HXJHUWLHU-b11(XDE
RGHULKUHPhEHUJDQJYRQGHU0LOFKLQV%OXW+28'(%,1(*HUDGHEHLGHU
0LNURLQMHNWLRQVPHWKRGH ZR VLFK GLH ,QWHJUDWLRQ QLFKW VWHXHUQ OlVVW LVW GHU
UlXPOLFKH.RQWH[WGHV ,QWHJUDWLRQVRUWHV LP:LUWVJHQRPPLW5LVLNHQEHKDIWHWGLH




7LHUH LQ GHU /DQGZLUWVFKDIW LVW ZHGHU ZLUWVFKDIWOLFK |NRORJLVFK QRFK PHGL]LQLVFK
QRWZHQLJ³,P*HJHQVDW]GD]XEHIUZRUWHQVLHDXVHWKLVFKHU6LFKWGLH)RUVFKXQJDQ
WUDQVJHQHQ7LHUPRGHOOHQE]ZPLW0RGHOOWLHUHQlXHUWHVLFK$00$11E
GDKLQJHKHQG GDVV LQ DOOHQ YLHU %HUHLFKHQ GHU *HQPDQLSXODWLRQ DQ 7LHUHQ 0R
GHOOWLHUH*HQH3KDUPLQJ ;HQRWUDQVSODQWDWLRQ1XW]WLHUH VRZLH EHL GHU 7LHUNORQLH
UXQJ HLQH YRQ 0LVVHUIROJHQ JH]HLFKQHWH 6DFNJDVVH HUUHLFKW VHL ,P $JUDULQIRUPD
WLRQVGLHQVWDLGZXUGHQYRQ),6&+(5DOVJHJHQZlUWLJH3UREOHPHEHLWUDQV
JHQHQ1XW]WLHUHQEHQDQQWGDVV
- ]HLWZHLVH ZHJHQ QHJDWLYHU $XVZLUNXQJHQ DXI GLH 7LHUJHVXQGKHLW GDV =LHO GHU
hEHUWUDJXQJYRQ:DFKVWXPVKRUPRQ*HQHQQLFKWPHKUYHUIROJWZLUG
- VLFK ZHLWHUKLQ EHL GHQ H[SUHPLHUHQGHQ 7|FKWHUQ GHV WUDQVJHQHQ %XOOHQ
Ä+HUPDQ³ LQ GHQ 1LHGHUODQGHQ HLQH JHULQJHUH %LOGXQJVUDWH GHV KXPDQHQ
/DNWRIHUULQ LQ GHU 0LOFK ]HLJWH DOV HUZDUWHW VR GDVV HLQH 0DUNWHLQIKUXQJ DOV
VSH]LHOOH'LlWIU)UKJHERUHQHJHJHQZlUWLJQRFKQLFKWDE]XVHKHQLVW
 










OLFK YRQ GHU HWKLVFKHQ .DWHJRULH GHU XQEHGLQJWHQ 0HQVFKHQZUGH DXV]XJHKHQ
%5(0EHIUFKWHWZHJHQGLHVHU'LVNXVVLRQHQXQG'DUVWHOOXQJHQ LQGHXWVFK
VSUDFKLJHQ /lQGHUQ KRKH $N]HSWDQ] XQG )LQDQ]LHUXQJVSUREOHPH IU GLH .ORQLH
UXQJVVWUDWHJLH ]XU (U]HXJXQJ WUDQVJHQHU 1XW]WLHUH hEHUVLFKWVEHLWUlJH ]XU %HZHU











,P *HJHQVDW] ]XU 6FKZHL] ZR GLH *HQHULHUXQJ WUDQVJHQHU ODQGZLUWVFKDIWOLFKHU
1XW]WLHUH GXUFK GDV*HQWHFKQLNJHVHW] $UW *HQWHFKQLVFKH9HUlQGHUXQJHQ YRQ
:LUEHOWLHUHQ YRP  0lU]  YHUERWHQ LVW OLHJW LQ 'HXWVFKODQG NHLQ JUXQG
VlW]OLFKHV9HUERWIUGDV.ORQHQE]ZGLH(U]HXJXQJWUDQVJHQHU1XW]WLHUHYRU7$%
 'LH +HUVWHOOXQJ WUDQVJHQHU 7LHUH LVW GXUFK GDV 5., JHQHKPLJXQJVSIOLFKWLJ
6&+0,')U9HUVXFKHEHVWHKWHLQH'RNXPHQWDWLRQVSIOLFKW

Schweizer Gentechnikgesetz vom 21. März 2003:
Artikel 9: Gentechnische Veränderungen von Wirbeltieren
„Gentechnisch veränderte Wirbeltiere dürfen nur für Zwecke der Forschung, Therapie und 
Diagnostik an Menschen oder Tieren erzeugt und in Verkehr gebracht werden“ (SAG-
Internetseite http://www.gentechnologie.ch/nutztiere.htm - 2005)
1DFK GHU JlQJLJHQ 5HFKWVDXIIDVVXQJ VFKHLQW HLQH MXULVWLVFKH 5HJHOXQJ GHU .OR
QLHUXQJ XQG GHU 7UDQVJHQLWlW QDFK     $EV  7LHUYHUVXFKH XQG  E
4XDO]FKWXQJ7LHU6FK* LQ'HXWVFKODQG LQVRZHLW]XEHVWHKHQDOVPLWGHU$QZHQ
GXQJGLHVHU7HFKQRORJLHQDXI7LHUH IU MHQHPLW /HLGHQ6FKPHU]HQRGHU6FKlGHQ
YHUEXQGHQ VHLQ N|QQHQ 5(,&+(1%$&+XD :HLWHUKLQ VLQG GDV*HQWHFK
QLNJHVHW]LQVHLQHUDNWXHOOHQ)DVVXQJ*HQ71HXRUG*YRQXQGGDV7LHU]XFKW







GLH *HQHKPLJXQJ =XODVVXQJ )UHLVHW]XQJ 9HUPDUNWXQJ XQG 5FNYHUIROJEDUNHLW
 
WUDQVJHQHU2UJDQLVPHQZLUGGXUFKGLHDNWXHOOHQ(85LFKWOLQLHQ(:*
    (:*    (*    (8    (8 VRZLH GDV











,Q GHU PROHNXODUJHQHWLVFKHQ 3UIXQJ ZLUG GLH 1DWXU GHV 7UDQVJHQV XQG VHLQH
:LUNXQJDXI7LHUXQG0HQVFKXQWHUVXFKW'LHWR[LNRORJLVFKH%HZHUWXQJEHIDVVWVLFK
PLWGHQQHXHQKHWHURORJHQ3URWHLQHQ;HQRSURWHLQHQGDUDXVJHELOGHWHUQHXDUWLJHU
3HSWLGH XQG DQGHUHQ QHXDUWLJHQ %HVWDQGWHLOHQ ]% ([SUHVVLRQVSURGXNWH YRQ
$QWLELRWLNDUHVLVWHQ]JHQHQ 0LW GHU HUQlKUXQJVSK\VLRORJLVFKHQ 8QWHUVXFKXQJ LVW





=XVlW]OLFK ]X GHQ QDWLRQDOHQ9RUVFKULIWHQ XQG(89RUJDEHQ H[LVWLHUHQ5HJHOQ YRQ
LQWHUQDWLRQDOHQ2UJDQLVDWLRQHQEH]JOLFKGHU7LHUELRWHFKQRORJLH/2&./($5
:RUOG7UDGH2UJDQL]DWLRQ :727HFKQLFDO%DUULHUV WR7UDGH6DQLWDU\ DQG3K\WR





$QGHUHUVHLWV VLQG EHL WUDQVJHQHQ 6lXJHWLHUHQ XQG GDUDXV JHZRQQHQHQ /HEHQV
PLWWHOQGLHSDWHQWUHFKWOLFKHQ$VSHNWH]XHUZlKQHQGLHYRQ-$(1,&+(1DXV
IKUOLFKGDUJHVWHOOWZXUGHQ,QGHU(8JLEWGLH%LRSDWHQW5LFKWOLQLH(*GHQ
UHFKWOLFKHQ 5DKPHQ YRU 7UDQVJHQH 7LHUH LQVEHVRQGHUH %LRUHDNWRUHQ VLQG LQ GHU
5HJHOSDWHQWUHFKWOLFKKLQVLFKWOLFK LKUHU1XW]XQJXPIDQJUHLFKDEJHVLFKHUW6HLW
KDW GDV 86 3DWHQW DQG 7UDGHPDUN 2IILFH 372 PHKUHUH 3DWHQWH IU WUDQVJHQH
7LHUHHUWHLOWGDUXQWHUIQI3DWHQWHIUWUDQVJHQH0lXVHHLQ3DWHQWIUHLQWUDQVJHQHV
.DQLQFKHQ VRZLH GUHL 3DWHQWH GLH DOOH QLFKWPHQVFKOLFKHQ WUDQVJHQHQ 7LHUH XP
IDVVHQ .$&  .QDSS  HXURSlLVFKH 3DWHQWH VLQG IU WUDQVJHQH 7LHUH
LQ]ZLVFKHQDQJHPHOGHW6h''(876&+(=(,781*

Literatur zu transgenen landwirtschaftlichen Nutztieren 
$'$0615%5,(*(/-5X:$5'.$7KHLPSDFWRIDWUDQVJHQHIRURYLQHJURZWKKRUPRQH
RQWKHSHUIRUPDQFHRIWZREUHHGVRIVKHHS-$QLP6FL80




$00$11 ' 7UDQVJHQH 7LHUH LQ GHU 6DFNJDVVH" *HQVFKXW]]HLWXQJ 1U  1RYHPEHU 2003E
KWWSZZZJHQWHFKQRORJLHFK]HLWXQJDUFKLYBVDFNJDVVHKWP
 











*HJHQZlUWLJHU 6WDQG XQG 3HUVSHNWLYHQ ,Q *HQWHFKQRORJLH 6WDQG XQG 3HUVSHNWLYHQ EHL GHU
*HZLQQXQJ YRQ 5RKVWRIIHQ IU GLH /HEHQVPLWWHOSURGXNWLRQ 6FKULIWHQUHLKH /(%(160,77(/
&+(0,(/(%(160,77(/48$/,7b7%DQG21D6%HKU¶V9HUODJ+DPEXUJ+UVJ
*'&K)DFKJUXSSH/HEHQVPLWWHOFKHPLVFKH*HVHOOVFKDIW
%5(0 * X 0h//(5 0 /DUJH WUDQVJHQLF PDPPDOV ,Q $QLPDOV ZLWK QRYHO JHQHV HG 1
0F/($1&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH1994E
%5(0*(U]HXJXQJWUDQVJHQHU6lXJHWLHUHDOOJHPHLQXQG6WDQGGHU7HFKQLN'LVNXVVLRQVIRUXPGHU














/(21)$X52%/-0&ORQHG WUDQVJHQLFFDOYHVSURGXFHG IURPQRQTXLHVFHQW IHWDO ILEUR
EODVWV6FLHQFH2800DL
&/$5. $ - *HQHUDWLRQ RI WUDQVJHQLF OLYHVWRFN E\ SURQXFOHDU LQMHFWLRQ 0HWKRGV 0RO %LRO 180

'*I= +UVJ *HQWHFKQLN LP ,QWHUHVVH GHU 1HXHQWZLFNOXQJ XQG 9HUEHVVHUXQJ IXQNWLRQHOOHU
0LOFKHU]HXJQLVVH'*I=6FKULIWHQUHLKH+HIW1998















+$1.(/1 7 X 6&+0,'7 ( 5 7UDQVJHQH 7LHUH LQ )RUVFKXQJ0HGL]LQ XQG /DQGZLUWVFKDIW ,Q
=XNXQIWGHU*HQWHFKQLN+UVJ3%UDQGW%LUNKlXVHU9HUODJ%DVHO%RVWRQ%HUOLQ1997
+$6.(//5(X%2:(15$(IILFLHQWSURGXFWLRQRI WUDQVJHQLFFDWWOHE\ UHWURYLUDO LQIHFWLRQRI
HDUO\HPEU\RV0RO5HSURG'HY40
+(//(5. -*HQWHFKQLN ,QQRYDWLYH0LOFKSURGXNWH GXUFK JHQWHFKQLVFK YHUlQGHUWH0LNURRUJDQLV
PHQGP]/EPLQG0LOFKZ0QFKHQ1196
+(1'2/,10$$/72-.$1$1(1$177,/$.X5$,1,29*HQHUDWLRQRIDWUDQVJHQLFIHPDOH
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 $ 0ROHFXODU %LRORJLFDO 6WXG\ RI WKH 3UHLPSODQWDWLRQ ([SUHVVLRQ RI ,QVXOLQ/LNH
*URZWK)DFWRU*HQHVDQG WKHLU5HFHSWRUV LQ ,Q9LWUR3URGXFHG%RYLQH(PEU\RV WR ,PSURYH ,Q







3.5.2 Einsatz von transgenen Futtermitteln und Zusatzstoffen





























(LQH DQGHUH 1XW]XQJ WUDQVJHQHU )XWWHU]XVlW]H LVW GLH 6LOLHUXQJ PLW +LOIH JHQ
WHFKQLVFK YHUlQGHUWHU0LNURRUJDQLVPHQ JY02RGHU GHU(LQVDW] YRQJY02 LQ GHU
3DQVHQIORUDYJO/h1=(5

:lKUHQG EHL *UXQGIXWWHU PLW $XVQDKPH YRQ 0DLVVLODJHQ LQ (XURSD QRFK NDXP
WUDQVJHQH )XWWHUSIODQ]HQ DQ]XWUHIIHQ VLQG VWHOOHQ WUDQVJHQH 6RMDSURGXNWH DOV
 
)XWWHUNRPSRQHQWH VFKRQ ODQJH HLQH 5HDOLWlW GDU YJO 3+,336 XD  %HL
6RMDERKQHQ EHWUXJ  GHU $QWHLO JHQWHFKQLVFK YHUlQGHUWHU EHUHLWV  
JHJHQEHUQRFKHLQ-DKU ]XYRU ,6$$$-$0(6'LHVHU$QWHLOZXFKV
ELVDXIGHU$QEDXIOlFKH67b&+(/(XQG%(<5(87+(56FKRQ
EHL HLQHP $QWHLO YRQ PHKU DOV   VROO HLQ 9HUWULHE JHQWHFKQLNIUHLHU 3IODQ]HQ
SURGXNWHGXUFKGLHEHL7UDQVSRUWXQG'LVWULEXWLRQXQYHUPHLGOLFKHQ.RQWDPLQDWLRQHQ
QLFKWPHKUP|JOLFK VHLQ 6&+8/= ,QGHQ86$XQG.DQDGDZHUGHQQHEHQ




EHVRQGHUHU9RUWHLO LVWPLWGHP(LQVDW] WUDQVJHQHU3IODQ]HQGHU ÄHUVWHQ*HQHUDWLRQ³
LQ GHU 7LHUHUQlKUXQJ QLFKW YHUEXQGHQ $QJHERW 3UHLV XQG.RQWDPLQDWLRQVJUDG EH
VWLPPHQOHW]WOLFKGHQ8PIDQJLQZHOFKHPWUDQVJHQH3IODQ]HQRGHULKUH%HVWDQGWHLOH
LQGDV7LHUIXWWHUJHODQJHQ,QGHU(8VLQGVHLWGLHWUDQVJHQHQ0DLVVRUWHQ%W
XQG 1. VRZLH VHLW  DXFK 021 DOV )XWWHUPLWWHO ]XJHODVVHQ WRS
DJUDU E$+2 $NWXHOO  $XV ]DKOUHLFKHQ $QDO\VHQ GHU
,QKDOWVVWRIIH EHL 9HUGDXXQJV XQG %LODQ]YHUVXFKHQ EHL 8QWHUVXFKXQJHQ ]XU (QHU
JLHNRQ]HQWUDWLRQ XQG )WWHUXQJVYHUVXFKHQ IROJW GLH DEVROXWH VXEVWDQ]LHOOH bTXLYD
OHQ]]ZLVFKHQ LVRJHQHQXQG WUDQVJHQHQ)XWWHUPLWWHOKLQVLFKWOLFKHLQHUDUWXQG OHLV
WXQJVJHUHFKWHQ 7LHUHUQlKUXQJ )/$&+2:6.< XQG $8/5,&+  ]RJHQ DXV
HLQHU YHUJOHLFKHQGHQ %HZHUWXQJ GHU LQ 7DEHOOH  DXIJHIKUWHQ 9HUVXFKH GHQ
6FKOXVVGDVVHVEHLGHU$XIQDKPHYRQWUDQVJHQHQ3IODQ]HQGHUHUVWHQ*HQHUDWLRQ
]X NHLQHU %HHLQIOXVVXQJ GHV 9HUKDOWHQV XQG GHU *HVXQGKHLW GHU 7LHUH VRZLH ]X
NHLQHU bQGHUXQJ GHU =XVDPPHQVHW]XQJ XQG 4XDOLWlW GHU WLHULVFKHQ 3URGXNWH
6FKODFKWN|USHU0LOFK(LHUNRPPW

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$QPHUNXQJ G   7DJH Z   :RFKHQ *76   JHQWHFKQLVFK YHUlQGHUWH 6RMDERKQH %W   %DFLOOXV
7KXULQJLHQVLV YHUPLWWHOWH ,QVHNWHQUHVLVWHQ] 3DW   3KRVSKLQRWKULFLQ$FHW\O7UDQVIHUDVH (Q]\P ]XU
,QDNWLYLHUXQJGHV+HUEL]LGHV*OXIRVLQDW0DVWDEVFKQLWWYRQELVNJ/HEHQGPDVVH]XGHQLQ
GHU )$/ GXUFKJHIKUWHQ 9HUVXFKHQ PLW JY6RMDERKQHQ JY0DLV JY%DXPZROOVDPHQ XQG JY
)XWWHUUEHQVLHKH$,'D
 
'DV .RQ]HSW GHU VXEVWDQ]LHOOHQ bTXLYDOHQ] LQ GHU 7LHUHUQlKUXQJVELRFKHPLH WULIIW
DEHU QLFKW PHKU DXI JHQWHFKQLVFK YHUlQGHUWH 3IODQ]HQ *93 GHU Ä RGHU 
*HQHUDWLRQ³]X)/$&+2:6.<XQG$8/5,&+EHLGHQHQJH]LHOW,QKDOWVVWRIIH
YHUlQGHUWZXUGHQYJO7DE1DFKGHP1DFKZHLVGHUVXEVWDQ]LHOOHQbTXLYDOHQ]
WUDQVJHQHU )XWWHUPLWWHO KDUUW GLH )UDJH QDFK GHP 9HUEOHLE GHU WUDQVJHQHQ '1$
W'1$ LP 7LHUN|USHU RGHU LQ WLHULVFKHQ 3URGXNWHQ XQG GHQ GDYRQ HYHQWXHOO
DXVJHKHQGHQ 5LVLNHQ HLQHU %HDQWZRUWXQJ 6R VROO EULWLVFKHQ:LVVHQVFKDIWOHUQ GHU




%HGLQJW GXUFK $NWLRQHQ JUQHU 8PZHOWRUJDQLVDWLRQHQ JHJHQ HLQH EHNDQQWH 0RO
NHUHLJUXSSH GLH LQ LKUHQ%HWULHEHQDXFK0LOFK YRQ.KHQYHUPDUNWHW GLHPLW JHQ
WHFKQLVFKYHUlQGHUWHQ)XWWHUSIODQ]HQHU]HXJWZXUGH UFNWHDOVP|JOLFKHV3UREOHP
HLQhEHUJDQJ YRQ )UHPG'1$ LQ0LOFK LQ GHQ0LWWHOSXQNW GHU |IIHQWOLFKHQ'LVNXV
VLRQ'LHVIKUWHVRJDU]XHLQHUÄ.OHLQHQ$QIUDJH³GHU)'3)UDNWLRQLP%XQGHV
WDJ GP] D VRZLH ]X HLQHU 6WHOOXQJQDKPH QDPKDIWHU GHXWVFKHU 3URIHVVRUHQ
GP] E ]XP hEHUJDQJ YRQ JHQWHFKQLVFK YHUlQGHUWHQ .RPSRQHQWHQ DXV
7LHUIXWWHU LQ 0LOFK )U GHQ 1DFKZHLV HLQHV '1$hEHUJDQJV LVW EHL ]DKOUHLFKHQ
8QWHUVXFKXQJHQ DXI '1$%UXFKVWFNH &KORURSODVWHQ'1$ 5XELVFR'1$ ]XUFN
JHJULIIHQZRUGHQGLHLQMHGHP7HLOLUJHQGHLQHU*UQSIODQ]HXQGQDWUOLFKEHVRQGHUV
LQGHQ3ROOHQYRUNRPPHQ'D3ROOHQXELTXLWlUGKDXFK LQGHU/XIWZHLW YHUEUHLWHW
VLQG PVVWHQ DQJHVLFKWV GHU H[WUHPHQ 1DFKZHLVVWlUNH GHU 3&50HWKRGH 3UR





GHU 0LOFKJHZLQQXQJ ]XUFN]XIKUHQ VHLQ /87= XD  =DKOUHLFKH WUDQVJHQH
6HTXHQ]HQ EHL*93ZHUGHQ DOV QDWUOLFKH1DKUXQJVEHVWDQGWHLOH YRQ0HQVFK XQG
7LHU DXIJHQRPPHQ ]%6WUHSWRP\FHWHQ EDU XQGSDW*HQ%DFLOOXV7KXULQJLHQVLV
%WXQGFU\$E*HQ%OXPHQNRKOPRVDLNYLUXV&D096*HQXDPRGHUN|QQHQ
3UREHQ GLH IU JHQGLDJQRVWLVFKH=ZHFNHEHVWLPPW VLQG NRQWDPLQLHUHQ6HOEVW GLH







































:HLWHUH bXHUXQJHQ ]X GHQ $XVZLUNXQJHQ GHV 9HU]HKUV WUDQVJHQHU 3IODQ]HQ EHL
7LHUHQ VHLHQ QXU H[HPSODULVFK DQJHIKUW :(%(5  )$66  *527(
 -$+5(,6  5(,7=  7+20621  %(1',(. 
-$+5(,6 XQG 6&+8%(57  .$$7=  :(6-2+$11  ),&.
 )/$&+2:6.<  *52 E WRS DJUDU  (LQH DE
VFKOLHHQGH%HZHUWXQJGHVQXWULWLYEHGLQJWHQhEHUJDQJVYRQ)UHPG'1$LQLQQHUH
2UJDQHVWHKWGHU]HLWQRFKDXV'2(5)/(5YHUZLHVDEHUGDUDXIGDVVIUHPGH












































































%HLP $QEDX WUDQVJHQHU 3IODQ]HQ NDQQ HV DXFK ]XU 1DKUXQJVDXIQDKPH YRQ *93
GXUFK:LOGWLHUHÄ1LFKW]LHO2UJDQLVPHQ³NRPPHQ0LWGHQP|JOLFKHQ$XVZLUNXQJHQ
VROFKHU (UHLJQLVVH GHU 3HUVLVWHQ] YRQ *920DWHULDO PLW :HFKVHOZLUNXQJHQ YRQ
*93XQG3DQVHQRUJDQLVPHQVRZLHPLWGHP$EEDXWUDQVJHQHU6HTXHQ]HQZlKUHQG
GHU 6LOLHUXQJ EHIDVVW VLFK HLQ $UEHLWVNUHLV GHU 78 0QFKHQ LQ :HLKHQVWHSKDQ
$/%5(&+7XD

'LH )ROJH GHU JHJHQZlUWLJHQ 'LVNXVVLRQ LVW GDVV HUVWH 0RONHUHLHQ YRQ LKUHQ
/LHIHUDQWHQ GHQ 9HU]LFKW DXI JHQWHFKQLVFK YHUlQGHUWH )XWWHUPLWWHO IRUGHUQ YJO
(/,7( D 5HFKWOLFKH 9RUJDEHQ EHVWHKHQ GXUFK GLH (89HURUGQXQJHQ
E]Z VLHKHKLHU]X$EVFKQLWW VRZLHEHL3(&25$52XQG
%86&+  'LH LQ GHU (8 JHJHQZlUWLJ IU /HEHQV XQG )XWWHUPLWWHO ]XJHODV
VHQHQ*92VLQGXQWHUGHQ$UWLNHOQXQGGHU(*92DXIJHIKUW

)/$&+2:6.< XQG 628))5$17  VHKHQ LQ GHU 3IODQ]HQ]FKWXQJ XQWHU
(LQEH]XJ GHU *HQWHFKQLN HLQH HQWVFKHLGHQGH 9RUDXVVHW]XQJ IU HLQH UHVVRXUFHQ
VFKRQHQGH 7LHUHUQlKUXQJ 6LH IRUPXOLHUWHQ KLHU]X (UZDUWXQJHQ GLH QHEHQ GHQ LQ
7DEHOOH  EHL 3IODQ]HQ GHU  XQG  *HQHUDWLRQ GDUJHVWHOOWHQ =LHOHQ YRU DOOHP
VROFKH QDFK HLQHP QLHGULJHQ *HKDOW DQ XQHUZQVFKWHQ ,QKDOWVVWRIIHQ $OOHUJHQH
0\NRWR[LQH YHUVFKLHGHQH VHNXQGlUH 3IODQ]HQLQKDOWVVWRIIH 3URGXNWLRQVUFNVWlQGH
XPIDVVHQ)/$&+2:6.< D UHFKQHWPLW HLQHU=XQDKPHGHU%HGHXWXQJ YRQ
WUDQVJHQHQ)XWWHUSIODQ]HQELV

Literatur zumEinsatz von transgenen Futtermitteln und Zusatzstoffen
$(6&+%$&+(5.3K\VLRORJLFDOFKDUDFWHULVWLFVRI%WFRUQ LQSRXOWU\ IDWHRIUHFRPELQDQW'1$




$+2 $NWXHOO *HQWHFKQLVFK YHUlQGHUWHU 0DLV IU 7LHUIXWWHU LQ GHU (8 JHQHKPLJW 2005
KWWSWLFNHUJURVVWLHUHDQLPDOKHDOWKRQOLQHGH2005F
$/%5(&+7&/87=%:,('(0$116X*h57/(53*923URMHNWÄ6WXGLHQ]XUWUDQVJHQHQ
'1$XQG&U\$%3URWHLQ³ ,7UDQVJHQH)XWWHUPLWWHO LQGHU7LHUKDOWXQJ ,,8QWHUVXFKXQJHQ]XU
)XWWHUPLWWHOSUR]HVVLHUXQJ 6LOLHUXQJ ,,, $XIQDKPH XQG $XVEUHLWXQJ YRQ NRQYHQWLRQHOOHQ XQG
WUDQVJHQHP 3IODQ]HQPDWHULDO GXUFK:LOGWLHUH VRZLH 3HUVLVWHQ] YRQ *920DWHULDO LQ 1LFKW]LHO
RUJDQLVPHQKWWSZZZZHLKHQVWHSKDQGHIPOSK\VLRVRQVWLJ0LWWHLOXQJ2005







GP] 1XU NOHLQH %UXFKVWFNH YRQ &KORURSODVWHQ'16 LQ 0LOFK JHIXQGHQ GP] /EPLQG 0LOFKZ
0QFKHQ126D6
GP].HLQhEHUJDQJYRQJHQWHFKQLVFKYHUlQGHUWHQ.RPSRQHQWHQDXV7LHUIXWWHULQ0LOFK=XVDPPHQ
IDVVXQJ ]XP GHU]HLWLJHQZLVVHQVFKDIWOLFKHQ 6WDQG LQ %H]XJ DXI )XWWHUPLWWHO DXV JHQWHFKQLVFK










LQYHVWLJDWLQJ FDWWOH DQG FKLFNHQ IHG UHFRPELQDQW SODQWPDWHULDO (XURS )RRG5HV 7HFKQRORJ\
212
 
(/,7( .|QQHQ ZLU RKQH *HQWHFKQLN 0LOFK SURGX]LHUHQ" (UVWH 0RONHUHLHQ IRUGHUQ YRQ LKUHQ /LH
IHUDQWHQGHQ9HU]LFKWDXIJHQWHFKQLVFKYHUlQGHUWH)XWWHUPLWWHO(OLWH)DFKPDJD]LQ IU0LOFKHU
]HXJHU2005D6






*92 LQ GHU 7LHUHUQlKUXQJ ,QIRUPDWLRQHQ GHV /DQGHVDUEHLWVNUHLVHV )WWHUXQJ /$) %DGHQ
:UWWHPEHUJH976
)/$&+2:6.<*$8/5,&+.%g+0(+X'$(1,&.(57UDQVJHQH.RVW IUV OLHEH9LHK"
)WWHUXQJVYHUVXFKH PLW JHQWHFKQLVFK YHUlQGHUWHQ )XWWHUPLWWHOQ %09(/  )RUVFKXQJV5HSRUW
2000D6
)/$&+2:6.<*$8/5,&+.%g+0(+'$(1,&.(5 X+$//( ,(LQVDW]JHQWHFKQLVFK
YHUlQGHUWHU)XWWHUPLWWHO LQGHU7LHUHUQlKUXQJ7DJXQJ Ä4XDOLWlW YRQ)XWWHUPLWWHOQXQG WLHULVFKHQ
3ULPlUSURGXNWHQ³+DOOH6DDOHXQG1RYHPEHU2000E7DJXQJVPDWHULDO6
)/$&+2:6.< * X $8/5,&+ . (LQVDW] JHQWHFKQLVFK YHUlQGHUWHU )XWWHUPLWWHO *92 LQ GHU
7LHUHUQlKUXQJ ,Q +DQGEXFK *HQWHFKQRORJLH XQG /HEHQVPLWWHO +UVJ *$66(1 +* X
+$00(6:3%HKU¶V9HUODJ+DPEXUJ$NWXDOLVLHUXQJV/LHIHUXQJ2000$EVFKQLWW,,
)/$&+2:6.< * X 628))5$17: 5HVVRXUFHQVFKRQHQGH 7LHUHUQlKUXQJ /DQGEDXIRUVFKXQJ
9|ONHQURGH6RQGHUKHIW212
)/$&+2:6.<**UDV*HWUHLGH:DVVHU XQGZDVQRFK LQGHU7LHUHUQlKUXQJ LP-DKUH"
)OHLVFK  9RUWUDJV XQG 'LVNXVVLRQVWDJXQJ DP  0lU]  LP )RUXP GHU )$/
/DQGEDXIRUVFKXQJ9|ONHQURGH6RQGHUKHIW262D6
)/$&+2:6.< * %HHLQIOXVVHQ )XWWHUPLWWHO DXV JHQWHFKQLVFK YHUlQGHUWHQ 3IODQ]HQ *93 GLH
/HEHQVPLWWHOTXDOLWlW" 7DJXQJVEDQG $I7)UKMDKUVV\PSRVLXP ]XU 6LFKHUKHLW YRQ /HEHQVPLWWHOQ











GLH 3OD]HQWDVFKUDQNH 8QWHUVXFKXQJHQ DP *DVWURLQWHVWLQDO7UDNW YRQ 0lXVHQ %,2IRUXP 23
6
+<81 < %5(661(5 * ( ),6&+(5 5 / 0,//(5 3 6 (//,6 0 3(7(5621 % $
67$1,6,(:6., ( 3 X +$571(// * ) 3HUIRUPDQFH RI JURZLQJILQLVKLQJ SLJV IHG GLHWV
FRQWDLQLQJ <LHOG*DUG 5RRWZRUP FRUQ 021  D QRQWUDQVJHQLF JHQHWLFDOO\ VLPLODU FRUQ RU
FRQYHQWLRQDOFRUQK\EULGV-$QLP6FL83
,3+$55$*8(55( , 5 <281.(55 6 &/$5. - + 67$1,6,(:6., ( 3 X +$571(//
*)3HUIRUPDQFHRI/DFWDWLQJ'DLU\&RZV)HG&RUQDV:KROH3ODQW6LODJHDQG*UDLQ3URGXFHG
IURPD*O\SKRVDWH7ROHUDQW+\EULGHYHQW1.-'DLU\6FL86
-$+5(,6 * 'DV 6FKLFNVDO GHU '1$ LP 2UJDQLVPXV *HQWUDQVSRUW EHU GLH 1DKUXQJVNHWWH ZLUG
WUDQVSDUHQW)OHLVFKZLUWVFK816









'1$DQG WUDQVJHQLFSURWHLQDUHGHWHFWDEOH LQPXVFOH IURPVZLQH IHG5RXQGXS5HDG\VR\EHDQ
PHDO-$QLP6FL81
















3+,3365+ '($9,//( ( 5 X0$'',621% & 'HWHFWLRQ RI 7UDQVJHQLF DQG(QGRJHQRXV
3ODQW'1$LQ5XPHQ)OXLG'XRGHQDO'LJHVWD0LON%ORRGDQG)HFHVRI/DFWDWLQJ'DLU\&RZV-
'DLU\6FL86









WHQ]"'HU(LQIOX YRQ*HQVWDELOLWlW XQG6HOHNWLRQVGUXFN ,Q =XNXQIW GHU*HQWHFKQLN+UVJ3
%UDQGW%LUNKlXVHU9HUODJ%DVHO%RVWRQ%HUOLQ19976




UHDFKHV SHULSKHUDO OHXNRF\WHV VSOHHQ DQG OLYHU YLD WKH LQWHVWLQDO ZDOOPXFRVD DQG FDQ EH FR
YDOHQWO\OLQNHGWRPRXVH'1$3URF1DWO$FDG6FL86$94
6&+8%%(575*(5+$5'78X'2(5)/(5:2Q WKH IDWHRI IRRGLQJHVWHG IRUHLJQ'1$ LQ



















,Q +DQGEXFK *HQWHFKQRORJLH XQG /HEHQVPLWWHO +UVJ *$66(1 +* X +$00(6 :3
%HKU¶V9HUODJ+DPEXUJ(UJ/IJ1997$EVFKQLWW,,
:$,%/,1*(5+8X%86&+8 5HG /HEHQVPLWWHOFKHPLVFKH*HVHOOVFKDIW +UVJ1HXH(8
5HJHOXQJHQIUJHQWHFKQLVFKYHUlQGHUWH/HEHQVPLWWHOXQG)XWWHUPLWWHO$VSHNWH]XU8PVHW]XQJ
LQ GLH 3UD[LV  5HFKW hEHUZDFKXQJ 3UREHQDKPH $QDO\WLN 6FKULIWHQUHLKH /HEHQVPLWWHOFKHPL
VFKH*HVHOOVFKDIW%DQG276%HKU¶V9HUODJ+DPEXUJ2005





3.5.3 Anwendungen der Gentechnik in der Veterinärmedizin 
9HWHULQlUPHGL]LQXQG9HWHULQlUSKDUPD]LHSURILWLHUHQYRQGHPJURHQ(UNHQQWQLV]X
ZDFKV GHU VLFK HLQHUVHLWV DXV GHQ )RUVFKXQJHQ DQ WUDQVJHQHQ 7LHUHQ DOV .UDQN
KHLWVPRGHOOHQ HUJLEW VRZLH DQGHUHUVHLWV YRQ GHQ )RUWVFKULWWHQ GHU +XPDQPHGL]LQ
XQGGHU+XPDQSKDUPD]LH/,(%(50$11XQG/,(%6&+(5JDEHQEHUHLWVHLQH
$XVVLFKW DXI GHQ (LQVDW] JHQWHFKQLVFKHU 0HWKRGHQ LQ GHU 9HWHULQlUPHGL]LQ
+LQVLFKWOLFKGHV(LQVDW]HVGHU*HQWHFKQLNLQGHUQXW]WLHURULHQWLHUWHQ9HWHULQlUPHGL]LQ
ODVVHQVLFKLQ]ZLVFKHQIROJHQGH6FKZHUSXQNWHDQIKUHQ
 Nutzung vontransgenen Tiermodellen]XU(UIRUVFKXQJYRQ.UDQNKHLWHQ
 Erzeugung von transgenen NutztierenPLWWHOV.HLPEDKQJHQWUDQVIHUGLHEHU
VSH]LILVFKH .UDQNKHLWVUHVLVWHQ]HQ YHUIJHQ ]% (LQEDX YRQ 7UDQVJHQHQ IU
0DMRU+DXSW+LVWRNRPSDWLELOLWlWVNRPSOH[0+&IU0[3URWHLQIU,PPXQRJ
OREXOLQ$,J$ZHLWHUH%HLVSLHOHVLHKHGLH7DEHOOHQXQGGLHVHU6WXGLH












+LQVLFKWOLFKGHU1XW]XQJ transgener Modelltiere LQGHU0HGL]LQVRZLHGHU7LHUSUR
GXNWLRQZLUG DXI $EVFKQLWW  GLHVHU6WXGLH YHUZLHVHQ %HL GHU (QWZLFNOXQJ QHXHU
7KHUDSLHNRQ]HSWH ZLH GHU *HQWKHUDSLH ZLUG DXI 0RGHOOWLHUH ZLH GLH 0DXV ]XUFN
JHJULIIHQYJO0$(/,&.(

6HLW GHQ HUVWHQ (UIROJHQ GHV Gentransfers bei landwirtschaftlichen Nutztieren
ZXUGH YHUVXFKW PLW GLHVHU 7HFKQRORJLH GHUHQ .UDQNKHLWVUHVLVWHQ] ]X YHUEHVVHUQ
8QWHU.UDQNKHLWVUHVLVWHQ]ZLUGHLQHJHQHWLVFKEHGLQJWH8QHPSILQGOLFKNHLWYRQ$UWHQ
5DVVHQXQG)DPLOLHQJHJHQEHU LQIHNWL|VHQ$JHQWLHQ7R[LQHQVRZLHQLFKWLQIHNWL|
VHQ.UDQNKHLWVXUVDFKHQ YHUVWDQGHQ 0h//(5  'LH .UDQNKHLWVUHVLVWHQ] YRQ
7LHUHQ NDQQ GXUFK YLHU +DXSWVWUDWHJLHQ JHVWHLJHUW ZHUGHQ 0h//(5 XQG %5(0
0h//(5








'LH DGGLWLYHQ*HQWUDQVIHU6WUDWHJLHQ ODVVHQ VLFK QDFK GHU:LUNXQJ GHV7UDQVJHQV
VRZLHGHP:LUNRUWLQ LQWUD]HOOXOlUH
    H[WUD]HOOXOlUH
    JHQHWLVFKHXQG
    NRQJHQLWDOH
,PPXQLVLHUXQJ XQWHUVFKHLGHQ 0h//(5  (LQHhEHUVLFKW EHU 7UDQVJHQHVH
6WUDWHJLHQ ]XU 9HUEHVVHUXQJ GHU .UDQNKHLWVUHVLVWHQ] EHL 7LHUHQ LVW LQ 7DEHOOH 
VRZLHEHL1,(0$11E]XILQGHQ














































'LH Gentherapie LVW HLQH )RUP GHV VRPDWLVFKHQ *HQWUDQVIHUV GLH DXI WKHUDSHX
WLVFKH RGHU SUlYHQWLYH =ZHFNH DXVJHULFKWHW LVW *(/'(50$11  %HL GLHVHU
QHXHQ)RUPGHU%HKDQGOXQJYHUDEUHLFKWPDQGHQ:LUNVWRIIQLFKWPHKUGLUHNW VRQ
GHUQ HU ZLUG GXUFK ]HOOELRORJLVFKH $NWLYLWlWHQ LP .|USHU YRP WKHUDSHXWLVFKHQ*HQ
SURGX]LHUW(VZLUGXQWHUVFKLHGHQ LQGLH7KHUDSLHmit*HQHQXQGGLH7KHUDSLHam
*HQ
*(/'(50$11  E]Z 6&+/$33  GLIIHUHQ]LHUHQ GLH 7KHUDSLH mit
*HQHQLQ
- GHQ ,QYLYR*HQWUDQVIHU GLUHNWH 0HWKRGH GHV *HQWUDQIHUV E]Z ,QYLYR
*HQWKHUDSLH GLUHNWH $SSOLNDWLRQ PLW QDFNWHU '1$ YJO 6&+0,'7 XD 
XQG
- GHQ([YLYR*HQWUDQVIHULQGLUHNWH0HWKRGHGHV*HQWUDQVIHUVE]ZGHU([YLYR
*HQWKHUDSLH EHL GHPHQWQRPPHQH VRPDWLVFKH =HOOHQPLW HLQHP*HQWKHUDSLH




5HWURYLUHQ +HUSHVYLUHQ XD RGHU DXI QLFKW YLUDOH 6\VWHPH >/LSRVRPHQ
JHNRSSHOWH '1$3ODVPLGH 3RO\PHUH 1DQRSDUWLNHO YJO .1(8(5 @
]XUFN6HOEVWQDFNWH'1$NDQQLQML]LHUWZHUGHQ6&+/(()

:,77,*  XQWHUWHLOW GLH GHU]HLW YHUZHQGHWHQJHQWKHUDSHXWLVFKHQ([SUHVVLRQV
V\VWHPHLQGUHL7\SHQ
- ÄVROFKH GLH QXU WUDQVLHQW H[SUHPLHUW ZHUGHQ VRODQJH VLFK HLQH .RSLH GHV
9HNWRUVLP=HOONHUQEHILQGHW³(VKDQGHOWVLFKGDEHLXP9HNWRUHQGLHQLFKWLQGDV










,P +XPDQEHUHLFK JHODQJWHQ  EHL HLQHU ,QGLYLGXDOEHKDQGOXQJ EHUHLWV JHQWHFK
QLVFKPRGLIL]LHUWH N|USHUHLJHQH /\PSKR]\WHQ 63(5/,1*  E]Z0\REODVWHQ
0$(/,&.(]XU$QZHQGXQJ
'LH 7KHUDSLH am *HQ KDW ]XP =LHO GLH 7UDQVNULSWLRQ '1$(EHQH PLW +LOIH YRQ
NRPSHWLWLY ZLUNHQGHQ '1$)UDJPHQWHQ $QWLVHQVH 7KHUDSLH RGHU GLH 7UDQVODWLRQ
51$(EHQH PLWWHOV NDWDO\WLVFK DNWLYHU 51$6HTXHQ]HQ 5LER]\PH ]X KHPPHQ
XPGLH3URWHLQV\QWKHVH ]X XQWHUELQGHQ5LER]\PHHUP|JOLFKHQHEHQVRHLQH51$
5HSDUDWXU0h//(5=XU7KHUDSLHDP*HQJHK|UWDXFKGLHÄ51$,QWHUIHUHQ]
7KHUDSLH³ Ä51$L7KHUDSLH³ DXI GLH JURH +RIIQXQJHQ JHVHW]W ZHUGHQ 786&+/





QDKH]X DOOH WLHULVFKHQ XQG SIODQ]OLFKHQ =HOOHQ EHU HLQHQ HYROXWLRQlU EHGLQJWHQ
.RQWUROOPHFKDQLVPXVYHUIJHQGHUGLH51$SRWHQ]LHOOVFKlGOLFKHU*HQH]HUVWFNHOW
EHYRUVLHLQ3URWHLQHEHUVHW]WZHUGHQ5((6$/(;((9XDNRQQWHQ
GXUFK ,QMHNWLRQ HLQHV 51$'1$2OLJRQXNOHRWLGHV LQ GLH +DDUIROOLNHO YRQ $OELQR
0lXVHQ GDV:DFKVWXP IDUELJHU+DDUH DQUHJHQhEHUZHLWHUH51$L$QZHQGXQJHQ
EHULFKWHWHQ1*$1921*3$1,7XD  5LQGHUHPEU\RQHQ VRZLH.271,.XQG
%$'(5   WUDQVJHQH0RGHOOWLHUH 'LH QHXHQ0|JOLFKNHLWHQ .UDQNKHLWHQ DXI
GHU(EHQHGHU1XNOHLQVlXUHQ]XEHNlPSIHQYHUDQVFKDXOLFKW$EELOGXQJ

 7UDQVNULSWLRQ  7UDQVODWLRQ 
DANN  MRNA  Protein











3DUDOOHO KLHU]X ZLUG YHUVXFKW GXUFK Ä3URWHLQ(QJLQHHULQJ³ QHXH YHUlQGHUWH
3KDUPDZLUNVWRIIH DXI GHU 3URWHLQ XQG 3HSWLGHEHQH ]X HU]HXJHQ 6.(55$ 
'h5)$+57XQG0$5$6+,(/

'HXWVFKODQG YHUIJW QDFKGHQ86$EHU GLHPHLVWHQgentechnisch hergestellten 
Medikamente (V ZLUG HUZDUWHW GDVV    DOOHU 3KDUPDND PLW +LOIH YRQ
JHQWHFKQLVFKHQ 9HUIDKUHQ KHUJHVWHOOW ZHUGHQ PI  +LHU]X ZHUGHQ YRUUDQJLJ
JHQWHFKQLVFKYHUlQGHUWH%DNWHULHQJHQXW]W'LH6LWXDWLRQEHLGHQ9HWHULQlUSKDUPDND
GUIWH VLFK lKQOLFK HQWZLFNHOQ 6&+/$33  IKUWH DOV %HLVSLHOH IU UHNRP
ELQDQWH9HWHULQlULPSIVWRIIHGLHVRJHQDQQWHQÄ6XEXQLW9DN]LQH³DQGLHHVJHVWDWWHQ
QDFK GHUHQ (LQVDW] JHLPSIWH XQG LQIL]LHUWH 7LHUH VHURORJLVFK YRQHLQDQGHU ]X
XQWHUVFKHLGHQ(LQ%HLVSLHOKLHUIU LVWGHU6FKZHLQHSHVW0DUNHU,PSIVWRIIGHU)LUPD
%$<(5'1$9DN]LQHJHJHQGDV$XMHV]N\9LUXVEHLP6FKZHLQGDVERYLQH+HUSHV
YLUXV VRZLH GDV ERYLQH 5HVSLUDWRULVFKH 6\QF\WLDO 9LUXV VROOHQ EHUHLWV H[LVWLHUHQ
6&+/$33  $XFK $QWLN|USHU N|QQHQ DXI JHQWHFKQLVFKHP :HJH HU]HXJW
ZHUGHQ 0$(/,&.( E )217$,1( XD  VFKOXJHQ ]XU ,PPXQLVLHUXQJ
YRQ 0LOFKULQGHUQ JHJHQ 0DVWLWLV YRU UHNRPELQDQWH $QWLJHQH HLQ]XVHW]HQ 'HU
DNWXHOOVWH)DOOIUGLHVH$QZHQGXQJVIRUPGHU*HQWHFKQLNLQGHU7LHUSURGXNWLRQLVWGLH
(QWZLFNOXQJ HLQHV PLW JHQWHFKQLVFKHQ 0HWKRGHQ HU]HXJWHQ ,PSIVWRIIV JHJHQ GLH
*HIOJHOSHVW 9RJHOJULSSHGHUHV LQIROJHGHU(OLPLQLHUXQJEHVWLPPWHU*HQVHTXHQ
]HQ HUODXEW JHLPSIWH YRQ YLUXVLQIL]LHUWHQ 7LHUHQ ]X XQWHUVFKHLGHQ $+2 $NWXHOO
'HU(LQVDW]UHNRPELQDQWHU:DFKVWXPVKRUPRQH6RPDWRWURSLQHUE67US67
EHL5LQGHUQXQG6FKZHLQHQ]XU6WHLJHUXQJGHU0DVWOHLVWXQJXQGGHU0LOFKSURGXNWLRQ
VWHOOW HLQH ZHLWHUH 1XW]XQJVYDULDQWH GHU *HQWHFKQLN LQ GHU 7LHUSURGXNWLRQ GDU
1,(0$11'LHVH:DFKVWXPVKRUPRQHZHUGHQLQUHNRPELQDQWHQ(VFKHULFKLD
FROL%DNWHULHQ SURGX]LHUW =XU 6WHLJHUXQJ GHU 0LOFKOHLVWXQJ PVVHQ UE67/DQJ]HLW
SUlSDUDWHPHKUIDFKLQML]LHUWZHUGHQ'LH)XWWHUDXIQDKPHNDQQZlKUHQGGHU/DNWDWLRQ
XPK|KHUOLHJHQDOVEHLQLFKWEHKDQGHOWHQ.KHQ'DGLH0LOFKOHLVWXQJVWlUNHU
DQVWHLJW DOV GLH)XWWHUDXIQDKPH YHUEHVVHUW VLFK GLH(IIL]LHQ] GHU)XWWHUYHUZHUWXQJ
XP ELV ]X   ,P *HJHQVDW] ]X GHQ 86$ XQG $XVWUDOLHQ LVW GLH 1XW]XQJ YRQ
:DFKVWXPVKRUPRQHQ ZLH E*+ S*+ H*+ LQ GHU 7LHUSURGXNWLRQ LQ GHQ /lQGHUQ
GHU(8GHU]HLWXQWHUVDJW6,//(1&(

'LH Pharmakogenetik LVW HLQ QHXDUWLJHV )RUVFKXQJVJHELHW GDV GLH 9HUNQSIXQJ
LQGLYLGXHOOHUJHQHWLVFKHU9DULDWLRQHQPLW$U]QHLUHDNWLRQHQ]XP=LHOKDW3KDUPDNROR
JHQ XQG 0HGL]LQHU YHUVSUHFKHQ VLFK YRQ GHU LQGLYLGXDOLVLHUWHQ $SSOLNDWLRQ ZLUNVD
PHUH0HGLNDPHQWHGLHQDFKGHU$XVIKUXQJYRQ*HQWHVWV]XHLQHUH[DNWHUHQ0HGL
NDWLRQ XQG 'RVLHUXQJ IKUHQ )2(51=/(5  /,1'3$,171(5  'LH
)LUPD6,(0(16KDWHLQVRIWZDUHJHVWW]WHV9HUIDKUHQHQWZLFNHOWGDVGLH*HQDNWLYL
WlW LQ =HOOHQ VLPXOLHUW XP NQIWLJ LQGLYLGXHOOHUH 7KHUDSLHQ DQ]XZHQGHQ $6&+(1
%5(11(5  3DUDOOHO ]XU 3KDUPDNRJHQHWLN HQWVWHKW GLHPharmakogenomik
EHLGHU LP3DWLHQWHQJHQRPQDFK+LQZHLVHQ]XU+HUVWHOOXQJZLUNVDPHU$U]QHLPLWWHO
JHVXFKWZLUG'LHVH(QWZLFNOXQJHQYROO]LHKHQVLFKGHU]HLWLP%HUHLFKGHU+XPDQPH
GL]LQ ZHQQ DXFK QLFKW RKQH:LGHUVWUHLW YJO )52%g6(  +2  6ROOWH
DEHU HLQ WKHUDSHXWLVFKHU 'XUFKEUXFK HUUHLFKW ZHUGHQ JUHLIW DXFK GLH 9HWHULQlUPH
GL]LQGLHVH0HWKRGHQDXIXQGZHQGHWVLHEHLZHUWYROOHQ6SRUWXQG=XFKWWLHUHQRGHU
EHLYRP$XVVWHUEHQEHGURKWHQ$UWHQ=RRWLHUHDQ(LQHGLIIHUHQ]LHUWH7KHUDSLHEHL
XQWHUVFKLHGOLFKHQ )WWHUXQJVJUXSSHQ5DVVHQ /LQLHQ =XFKWOLQLHQ RGHU IDPLOLHQ LVW
IUGLH=XNXQIWHEHQVRYRUVWHOOEDU
'HU8PIDQJ HLQHU1XW]XQJ YRQGentechnik, Gentherapie XQGGendiagnostik LP





GDVV EHL ZLUWVFKDIWOLFK UHOHYDQWHQ 7LHUNUDQNKHLWHQ ZLH GHU 0DVWLWLV DOOHLQ GUHL
YHUVFKLHGHQH JHQWHFKQLVFKH $QVlW]H YHUIROJW ZHUGHQ WUDQVJHQH 7LHUH '1$
9DN]LQH UHNRPELQDQWH $QWLN|USHU 2IIHQ EOHLEW ]XU]HLW DXFK GLH )UDJH RE VLFK




Literatur zu Anwendungen der Gentechnik in der Veterinärmedizin 
$+2$NWXHOO5LHPVHU)RUVFKHUHQWZLFNHOQQHXDUWLJHQ,PSIVWRIIJHJHQ9RJHOJULSSH
KWWSWLFNHUJURVVWLHUHDQLPDOKHDOWKRQOLQHGH20052005G
$/(;((99 ,*28&+(9$2'20$6+(1.2$&276$5(/,6* X<221. /RFDOL]HG LQ













$$ ,PPXQLVDWLRQ RI GDLU\ FDWWOHZLWK UHFRPELQDQW6WUHSWRFRFFXV XEHULV*DS& RU D FKLPHULF




*(/'(50$11+ 6RPDWLVFKHU*HQWUDQVIHU  +OVHQEHUJHU*HVSUlFKH :HLPDU  ELV
-XQL20006FKULIWHQUHLKHGHU+:LOKHOP6FKDXPDQQ6WLIWXQJ+DPEXUJ6
*52 0 51$,QWHUIHUHQ] LQ 0HGL]LQ XQG 0ROHNXODUELRORJLH 1DFKULFKWHQ DXV GHU &KHPLH 53
D6





WHO]XVDW]  'LlWDEKlQJLJH 6WRIIZHFKVHOHIIHNWH 9RUWUDJVWDJXQJ '*I= XQG *I7 DP 
6HSWHPEHU2005LQ%HUOLQ.XU]IDVVXQJ%





























*HQWHFKQRORJLH XQG /HEHQVPLWWHO +UVJ *$66(1 + * X +$00(6: 3 %HKU¶V 9HUODJ
+DPEXUJ*UXQGZHUN1997$EVFKQLWW,,









6&+/$33 7 .RQVWUXNWLRQ XQG (LQVDW]P|JOLFKNHLWHQ YRQ UHNRPELQDQWHQ ,PSIVWRIIHQ XQG GHU




















3.6 Gentechnik bei der Verarbeitung tierischer Rohprodukte zu Le-
bensmitteln
,Q GLHVHP $EVFKQLWW VROO GLH 1XW]XQJ GHU *HQWHFKQLN LQ GHU /DQGZLUWVFKDIW QDFK
JHODJHUWHQ YHUDUEHLWHQGHQ ,QGXVWULH LQ NXU]HU )RUP QXU DQJHIKUW ZHUGHQ VRZHLW
WLHULVFKH 5RKSURGXNWH GDYRQ EHWURIIHQ VLQG 'HU (LQVDW] JHQWHFKQLVFK YHUlQGHUWHU









 (U]HXJXQJ YRQ ([SUHVVLRQVSURGXNWHQ (Q]\PH 9LWDPLQH $PLQRVlXUHQ
*HVFKPDFNVXQG$URPDVWRIIH+\GURNROORLGH6WDELOLVDWRUHQXD
 (U]HXJXQJYRQ2UJDQLVPHQLQ)HUPHQWDWLRQVSUR]HVVHQ
 RKQH )UHLVHW]XQJ GHU )HUPHQWDWLRQVRUJDQLVPHQ $EW|WXQJ GHU 2UJDQLVPHQ
LP 3UR]HVVYHUODXI .RQVHUYHQZDUH 6DXHUNUDXW 2EVW XQG *HPVHVlIWH
6RMDVDXFHIHUPHQWLHUWH0LOFKJHWUlQNH%LHU:HLQXD







PLNURELHOOHQ 6WRIISURGXNWLRQ E]Z EHL HQ]\PDWLVFKHQ 9HUDUEHLWXQJVSUR]HVVHQ Ä%H
UHLWV VHLW FD  -DKUHQZHUGHQ ]XQHKPHQG JHQWHFKQLVFKH0HWKRGHQ ]XU2SWLPLH
UXQJ YRQ 0LNURRUJDQLVPHQ IU GLH /HEHQVPLWWHOSURGXNWLRQ HLQJHVHW]W³ 6$&+6(
(LQH'DUVWHOOXQJYRQ*UXQGODJHQ]XU3URGXNWLRQUHNRPELQDQWHU(Q]\PHXQG
]X LKUHP (LQVDW] LQ GHU /HEHQVPLWWHOLQGXVWULH JDEHQ *$66(1 XD 
*(/,66(1 XD  +$00(6 XQG +(57(/  0867(56 XD 














%HLP9HU]HKU YRQ0LOFKSURGXNWHQPLW JY%DNWHULHQ N|QQHQ VLFK VRJDU JHVXQGKHLW
OLFKH9RUWHLOH HUJHEHQ /H%/$1&XD  %LRVLFKHUKHLWVDVSHNWH GHV(LQVDW]HV
YRQ JY0LOFKVlXUHEDNWHULHQ XQWHUOLHJHQ GHU (8*HVHW]JHEXQJ /,1'*5(1 
3&51DFKZHLVYHUIDKUHQIUJY0LNURRUJDQLVPHQVLQGEHUHLWVPHWKRGLVFKHWDEOLHUW
 /0%* / 1DFKZHLV HLQHU JHQWHFKQLVFKHQ9HUlQGHUXQJ YRQ /DFWRED
FLOOXVFXUYDWXVLQ5RKZXUVW/0%*/1DFKZHLVHLQHUJHQWHFKQLVFKHQ
9HUlQGHUXQJYRQ6WUHSWRFRFFXVWKHUPRSKLOXVLQ-RJKXUW7DEHOOHJLEWHLQHhEHU
VLFKW ]XU $QZHQGXQJ JHQWHFKQLVFK KHUJHVWHOOWHU (Q]\PH EHL GHU 9HUDUEHLWXQJ WLH










.DWDODVH     
&K\PRVLQ     
*OXNRVH2[LGDVH     
3URWHDVH     
 
=X GHQ SRWHQ]LHOOHQ 5LVLNHQ EHLP (LQVDW] GHU *HQWHFKQLN LQ GHU /HEHQVPLWWHO
SURGXNWLRQ H[LVWLHUW HLQH XPIDQJUHLFKH /LWHUDWXU -$1<  %5$1'7 
%81'*H1DE-$1<-$1<XD63(/6%(5*XD
-$1<  /,1'*5(1  GH 926  'LH UHFKWOLFKHQ 3UREOHPH XQG
(UIRUGHUQLVVHEHLP(LQVDW]GHU*HQWHFKQLNLP/HEHQVPLWWHOEHUHLFKZXUGHQHEHQIDOOV
YLHOIDFKGDUJHVWHOOW XQGDNWXDOLVLHUW675(,1= 6&+$8=8 675(,1=
 72866$,17 DE 0(1=(/  3(<.(5 XD  'LH (8
9HURUGQXQJHQEHUGLH=XODVVXQJYRQ1DKUXQJVXQG)XWWHUPLWWHOQ(*
VRZLH EHU GLH .HQQ]HLFKQXQJ XQG 5FNYHUIROJEDUNHLW JHQWHFKQLVFK YHUlQGHUWHU
3URGXNWH(*VLQGEHLP9HUWULHEYRQJHQWHFKQLVFKYHUlQGHUWHQ/HEHQV
XQG)XWWHUPLWWHOQ]XEHDFKWHQ$XVIKUOLFKH ,QIRUPDWLRQHQ]XGHQ$VSHNWHQEHLGHU
8PVHW]XQJ GLHVHU 5HJHOXQJHQ N|QQHQ GHU 6FKULIW YRQ:$,%/,1*(5 XQG %86&+
 HQWQRPPHQ ZHUGHQ 'DV *HVDPWJHELHW GHV (LQVDW]HV YRQ *92 EHL GHU
1DKUXQJVPLWWHOKHUVWHOOXQJ EH]HLFKQHW PDQ DXFK DOV Ä1XWULJHQRPLFV³ :(5) XD
3URGXNWHGLHPLW+LOIHGHU*HQWHFKQLNKHUJHVWHOOWZXUGHQRGHU*92HQWKDOWHQ
]lKOHQ ]X GHQ VR JHQDQQWHQ QHXDUWLJHQ /HEHQVPLWWHOQ  1RYHO )RRG -$1< XQG
.,(1(5)XQNWLRQHOOH/HEHQVPLWWHO )XQFWLRQDO)RRG]HLFKQHQVLFKGHPJH




Tabelle 36: (LQWHLOXQJ YRQ /HEHQVPLWWHOQ GLH PLWWHOV JHQWHFKQLVFK PRGLIL]LHUWHU











































(V EOHLEW QRFK DQ]XIJHQ GDVV EHL GHU 9HUDUEHLWXQJ DQGHUHU WLHULVFKHU 3URGXNWH
:ROOH +lXWH )HGHUQ RGHU YRQ $ESURGXNWHQ DXV GHU 1XW]WLHUKDOWXQJ .RW *OOH
6WDOOPLVW ,QQHUHLHQ .DGDYHU GHU (LQVDW] YRQ JHQWHFKQLVFK YHUlQGHUWHQ(Q]\PHQ
RGHU 0LNURRUJDQLVPHQ LQ )HUPHQWDWLRQVSUR]HVVHQ QLFKW DXV]XVFKOLHHQ LVW 6R LVW
GLH $QZHQGXQJ YRQ JHQWHFKQLVFK KHUJHVWHOOWHQ 3URWHDVHQ XQG /LSDVHQ EHL GHU
/HGHUKHUVWHOOXQJEHNDQQW+$7=2328/26
 
Literatur zurGentechnik bei der Verarbeitung tierischer Rohprodukte zu Le-
bensmitteln






%81' %XQG IU8PZHOWXQG1DWXUVFKXW]'HXWVFKODQGH9 *H1*HQHWKLVFKHV1HW]ZHUNH9
)DOWEODWWVHULH(VVHQDXVGHP*HQODERU")DOWEODWW0LOFK.lVH$XIODJH1997D
%81' %XQG IU8PZHOWXQG1DWXUVFKXW]'HXWVFKODQGH9 *H1*HQHWKLVFKHV1HW]ZHUNH9
)DOWEODWWVHULH(VVHQDXVGHP*HQODERU")DOWEODWW)OHLVFK:XUVW)LVFK$XIODJH1997E
'$-12:,(& ) 5(36 $ :$6,/(:6., 5 X .2/$.2:6., 3 &RDJXODWLRQ SURSHUWLHV RI PLON
SURWHLQVE\SURWHRO\WLFHQ]\PHVSURGXFHGE\JHQHWLFHQJLQHHULQJ0LOFKZLVV52
*$66(1+*%$1*62:7X.g1,*%0ROHNXODUELRORJLVFKH*UXQGODJHQGHU(Q]\PSURGXN







GLH /HEHQVPLWWHOSURGXNWLRQ 6FKULIWHQUHLKH /HEHQVPLWWHOFKHPLH /HEHQVPLWWHOTXDOLWlW %DQG 21
 6  %HKU¶V 9HUODJ +DPEXUJ +UVJ *'&K)DFKJUXSSH /HEHQVPLWWHOFKHPLVFKH
*HVHOOVFKDIW
+$00(6:3X+(57(/&(LQVDW]EHUHLFKHJHQWHFKQLVFKYHUlQGHUWHU2UJDQLVPHQ6WDQGXQG
3HUVSHNWLYHQ GHU $QZHQGXQJ YRQ 0LNURRUJDQLVPHQ LQ GHU /HEHQVPLWWHOYHUDUEHLWXQJ ,Q *HQ
WHFKQRORJLH6WDQGXQG3HUVSHNWLYHQEHLGHU*HZLQQXQJYRQ5RKVWRIIHQIUGLH/HEHQVPLWWHOSUR
GXNWLRQ 6FKULIWHQUHLKH /HEHQVPLWWHOFKHPLH /HEHQVPLWWHOTXDOLWlW %DQG 21  6 
%HKU¶V9HUODJ+DPEXUJ+UVJ*'&K)DFKJUXSSH/HEHQVPLWWHOFKHPLVFKH*HVHOOVFKDIW
+$7=2328/26,%LRXQG*HQWHFKQRORJLH1DFKU&KHP7HFK/DE416
-$1< . ' 3RWHQWLHOOH 5LVLNHQ EHLP (LQVDW] GHU *HQWHFKQLN LQ GHU /HEHQVPLWWHOSURGXNWLRQ



















/,1'*5(1 6 %LRVDIHW\ DVSHFWV RI JHQHWLFDOO\PRGLILHG ODFWLF DFLG EDFWHULD LQ (8 OHJLVODWLRQ ,QW
'DLU\-9







0(1=(/ 1 *HVHW]OLFKH *UXQGODJHQ XQG =XVWlQGLJNHLWHQ 9RUWUDJ DQOlVVOLFK GHV .ROORTXLXPV
Ä*UQH *HQWHFKQLN XQG /DQGZLUWVFKDIW³ XQWHU 6FKLUPKHUUVFKDIW GHV 7KULQJHU 0LQLVWHUV IU
/DQGZLUWVFKDIW1DWXUVFKXW]XQG8PZHOW-HQD0DL20027DJXQJVEHULFKW6
0(<(5$+*5$)1X:$,%/,1*(5+8³$XV´XQG´PLW´*92KHUJHVWHOOWH/HEHQVPLWWHOXQG
)XWWHUPLWWHO  *UHQ]IlOOH LP $QZHQGXQJVEHUHLFK GHU 92  ,Q :$,%/,1*(5 XQG
%86&+20056







0867(56 : 67$0 + X .259(5 2 $QZHQGXQJVP|JOLFKNHLWHQ LQ GHU (UQlKUXQJVZLVVHQ
VFKDIW3URGXFWLRQDQG$SSOLFDWLRQRI(Q]\PHVLQ)RRG%LRWHFKQRORJ\,Q*HQWHFKQRORJLH6WDQG
XQG 3HUVSHNWLYHQ EHL GHU *HZLQQXQJ YRQ 5RKVWRIIHQ IU GLH /HEHQVPLWWHOSURGXNWLRQ
6FKULIWHQUHLKH /HEHQVPLWWHOFKHPLH /HEHQVPLWWHOTXDOLWlW %DQG 21  6  %HKU¶V
9HUODJ+DPEXUJ+UVJ*'&K)DFKJUXSSH/HEHQVPLWWHOFKHPLVFKH*HVHOOVFKDIW
1(9( + =(1= . , .2&+ $ X +(//(5 . - 1HXH PROHNXODUELRORJLVFKH :HUN]HXJH IU
6WUHSWRFRFFXV WKHUPRSKLOXV'DV/\VRJHQLHPRGXO LP*HQRPGHV WHPSHUHQWHQ%DNWHULRSKDJHQ




$UEHLWVNUHLV $JUR*HQWHFKQLN GHU 7// 6WDQGSXQNW ]XU $QZHQGXQJ GHU *HQWHFKQLN LQ GHU
/DQGZLUWVFKDIW  $XIODJH 2004 6  +HUDXVJHEHU 7KULQJHU /DQGHVDQVWDOW IU /DQGZLUW
VFKDIW7//
6$&+6(* *HQWHFKQLVFK YHUlQGHUWH 3URGXNWH  %LVKHULJH (UIDKUXQJHQ 0LNURELHOOH 6WRIISUR
GXNWLRQ(Q]\PH ,Q *HQWHFKQLN LP /HEHQVPLWWHOEHUHLFK 6FKULIWHQUHLKH /HEHQVPLWWHOFKHPLH









675(,1= 5 5HFKWOLFKH 3UREOHPH GHU 1RYHO)RRG9HURUGQXQJ  $QZHQGXQJVEHUHLFK XQG .HQQ
]HLFKQXQJ ,Q*HQWHFKQRORJLH6WDQGXQG3HUVSHNWLYHQEHLGHU*HZLQQXQJYRQ5RKVWRIIHQ IU
GLH /HEHQVPLWWHOSURGXNWLRQ 6FKULIWHQUHLKH /HEHQVPLWWHOFKHPLH /HEHQVPLWWHOTXDOLWlW %DQG 21
6 %HKU¶V9HUODJ+DPEXUJ +UVJ*'&K)DFKJUXSSH /HEHQVPLWWHOFKHPLVFKH
*HVHOOVFKDIW













,Q +DQGEXFK *HQWHFKQRORJLH XQG /HEHQVPLWWHO +UVJ *$66(1 +* X +$00(6 :3
%HKU¶V9HUODJ+DPEXUJ(UJ/IJ1997$EVFKQLWW,,
926:0GH6DIHDQGVXVWDLQDEOHV\VWHPV IRU IRRGJUDGH IHUPHQWDWLRQVE\JHQHWLFDOO\PRGLILHG
ODFWLFDFLGEDFWHULD,QW'DLU\-9
 
:$,%/,1*(5+8X%86&+8 5HG /HEHQVPLWWHOFKHPLVFKH*HVHOOVFKDIW +UVJ1HXH(8
5HJHOXQJHQIUJHQWHFKQLVFKYHUlQGHUWH/HEHQVPLWWHOXQG)XWWHUPLWWHO$VSHNWH]XU8PVHW]XQJ
LQ GLH 3UD[LV  5HFKW hEHUZDFKXQJ 3UREHQDKPH $QDO\WLN 6FKULIWHQUHLKH /HEHQVPLWWHOFKHPL
VFKH*HVHOOVFKDIW%DQG6%HKU¶V9HUODJ+DPEXUJ2005
:(5)0-YDQGHU6&+85(1)+-%,-/60$67$6$&XYDQ200(1%
1XWULJHQRPLFV $SSOLFDWLRQ RI *HQRPLFV 7HFKQRORJLHV LQ 1XWULWLRQDO 6FLHQFHV DQG )RRG
7HFKQRORJ\-)RRG6FL66
<2.2<$0$ . 2+768.$ 7 .85$,6+, & 212 . .,7$ < $5$.$:$ 7 X (-,0$ '




3.7 Transgene Tiere außerhalb der Produktion von Nahrungsmitteln und 
Pharmaka sowie von biomedizinischer Forschung 
$EVFKOLHHQG ]X GHP .DSLWHO Ä7UDQVJHQH 7LHUH³ PXVV GDUDXI YHUZLHVHQ ZHUGHQ
GDVVQLFKWQXUODQGZLUWVFKDIWOLFKH1XW]WLHUHRGHUVRJHQDQQWH/DERUWLHUH*HJHQVWDQG
GHU 7UDQVJHQHVH VHLQ N|QQHQ ,VW GLH (U]HXJXQJ WUDQVJHQHU -DJG XQG :LOGWLHUH
]XU]HLWRKQH6LQQXQG9RUWHLOVWLOLVLHUWH.$&GLH6FKDIIXQJWUDQVJHQHU7LHUH
LQVEHVRQGHUH YRQ+DXVWLHUHQZLH+XQGHQPLW Ä(IIHNWJHQHQ³ DOV ÄWUDQVJHQH.XQVW³
(UIKUWDOV%HLVSLHOGDV*)3*HQGHUQRUGSD]LILVFKHQ4XDOOHQDUW$HTXRUHD9LFWRULD
DQ GLH GHP :LUWVRUJDQLVPXV GLH )lKLJNHLW ]XU )OXRUHV]HQ] EHL %HVWUDKOXQJ PLW
XOWUDYLROHWWHP RGHU EODXHP /LFKW YHUOHLKW 'HU XPVWULWWHQH Ä*OR)LVK³ YJO .1,*+7
GHUEHUHLQVROFKHV*HQYHUIJW LVWHLQNRQNUHWHV%HLVSLHOIUHLQVHLW
NlXIOLFKHV WUDQVJHQHV Ä+DXVWLHU³ ,Q GHQ86$ZXUGHQ DXFK .RQ]HSWH HUVWHOOW HLQH
WUDQVJHQH.DW]H]XVFKDIIHQGLHGDVDOOHUJHQH3URWHLQÄ)HOG³QLFKWVH]HUQLHUWGDV
EHL YLHOHQ 0HQVFKHQ DOV $OOHUJHQ ZLUNW 2¶5285.(  +LQZHLVH DXI GLH










,QlKQOLFKHU:HLVH VROOHQ LQ$XVWUDOLHQ ÄWRFKWHUORVH³ WUDQVJHQH.DUSIHQJHJHQHLQH
DXIGHQ.RQWLQHQWHLQJHVFKOHSSWHHXURSlLVFKH.DUSIHQDUWHLQJHVHW]WZHUGHQGLHPLW
LKUHU'RPLQDQ]GLHgNRORJLHYRQ)OVVHQEHGURKW 6&+5(&.(1%(5*(LQ
YLHUWHV %HLVSLHO VWHOOW GDV .RQ]HSW GDU GHU $QRSKHOHV0FNH JHQWHFKQLVFK HLQH
5HVLVWHQ]JHJHQ,QIHNWLRQGXUFK0DODULDHUUHJHU]XYHUOHLKHQXQGGLHLQIHNWLRQVDQIlO




9HUKDOWHQV JHQWHFKQLVFK YHUlQGHUWHU $UWKURSRGHQ ZXUGHQ LQ )ORULGD )UHLVHW]XQJV
YHUVXFKHPLWHLQHU WUDQVJHQHQ0LOEHGXUFKJHIKUW +$1.(/XQG6&+0,'7






Literatur zu transgenen Tiere außerhalb der Produktion von Nahrungsmitteln 


















4 Genanalytik in der Tierproduktion
0LW+LOIHGHUELRFKHPLVFKHQ$QDO\WLNZHUGHQGLHTXDOLWDWLYHXQGTXDQWLWDWLYH=XVDP
PHQVHW]XQJ VRZLH GLH 6WUXNWXU GHU 6WRIIH YRQ 2UJDQLVPHQ EHVWLPPW GLH GHUHQ
)XQNWLRQJHZlKUOHLVWHQ'LHYHWHULQlUPHGL]LQLVFKH'LDJQRVWLNKDWGDV(UNHQQHQXQG
%HQHQQHQ YRQ 7LHUNUDQNKHLWHQ VRZLH LP1XW]WLHUEHUHLFK YRQ3URGXNWLRQVVW|UXQJHQ
]XP=LHO*h17+(5XD,QGLHVHP6LQQHLVWLQGHU%LRXQG*HQDQDO\WLNGLH











PHQ 02 VRZLH GLH )XWWHU XQG /HEHQVPLWWHODQDO\WLN XPIDVVW %HUHLFKH GLH GHU
7LHUSURGXNWLRQ QDFKJHODJHUW VLQG 6LH ZXUGHQ GDKHUPLWDXIJHIKUW JUDX XQWHUOHJWH
)OlFKHQLQ7DEVRZHLW0HWKRGHQGHU1XNOHLQVlXUHDQDO\WLNJHQXW]WZHUGHQ'HU
*HQDQDO\WLN NRPPW JHJHQZlUWLJ LQ GHU 1XW]WLHUSURGXNWLRQ HLQH ZHVHQWOLFK JU|HUH






















5LQG 5LQG 5LQG SDWKRJHQH0LNURRUJDQLVPHQ
+XKQ 6FKZHLQ 6FKZHLQ 7LHU.QRFKHQX)LVFKPHKO
6FKZHLQ 3IHUG 6FKDI *92
3IHUG 6FKDI  7LHUDUWHQ
6FKDI   %6(5LVLNRJHZHEH











Nachweis von Bakterien, 
Viren, Pilzen, Hefen  
5LQG 5LQG (PEU\RQHQ 0LOFK
6FKZHLQ 6FKZHLQ  )OHLVFK(LHU
3IHUG 3IHUG  %OXW
6FKDI 6FKDI  +DUQ.RW
=LHJH   3DQVHQVDIW
 
Literatur zur Genanalytik in der Tierproduktion 
*(25*(60$QLPDO%UHHGLQJ7HFKQRORJ\IRUWKHVW&HQWXU\1999
KWWSZZZIPYXOJDFEHJHQPRO02'*(1&KDLUHB)UDQFTXL99BBVOGKWP
*g7= .8 5(,&+(1%$&+ + ' X %(&. * 3HUVSHNWLYHQ GHU *HQ XQG %LRWHFKQLN
(QWZLFNOXQJ*UXQGODJHQXQG%HZHUWXQJ)OHLVFKZLUWVFK796




4.1 Allgemeine Methodik der Genanalytik 
=XU0HWKRGLNGHU*HQDQDO\WLNH[LVWLHUWHLQHXPIDQJUHLFKH/LWHUDWXU.(66/(5
JDE HLQH 'DUVWHOOXQJ IU GHQ =HLWUDXP ELV  1HXHUH ,QIRUPDWLRQHQ ]XU





JHQDQDO\WLVFKHQ 9HUIDKUHQ GDUJHVWHOOW 5HDOWLPH 3&5 XQG 0LFURDUUD\V ZHUGHQ DOV
QHXHUH 0HWKRGHQ LQ =XNXQIW GRPLQLHUHQ ,Q $EKlQJLJNHLW YRQ GHU $UW GHU
3UREHQDXIEHUHLWXQJ GHU 1XNOHLQVlXUHYRU RGHU GHU $PSOLILNDWQDFKEHKDQGOXQJ YRQ
PHWKRGLVFKHQ 'HWDLOV XQG 9DULDQWHQ GHU 1XNOHLQVlXUHGHWHNWLRQ VLQG IU MHGHQ
*UXQGW\S JHQDQDO\WLVFKHU 1DFKZHLVYHUIDKUHQ EHVRQGHUV DEHU IU GLH 3&5
]DKOUHLFKH 6XEYHUVLRQHQ PLW HLJHQVWlQGLJHQ $ENU]XQJHQ EHNDQQW 'HQ OHW]WHQ




GLH *HQDQDO\WLN UHYROXWLRQLHUHQGHP *HELHW LQIRUPLHUWHQ .(5.  1(8+$86
 8//5,&+ XD  *(5'(6  .8+1 XD  *,60$11
0$87( '211(5XD 6&+:(1.XD %(,(5XQG
+2+(,6(/  %52&. XD  -(+/( XQG (,&.+2))  1h%(/
63$1*XQG-b*(592/.0(5XD<$33,.(XD

























































'1$ 6RXWKHUQ%ORW    
51$ 1RUWKHUQ%ORW  EHUF'1$  





3ULQ]LSLHOO XQWHUWHLOW PDQ LQ RSWLVFKH %LRFKLSV '1$0LFURDUUD\ $QWLN|USHU$UUD\
=HOO$UUD\ )ORZ7KURXJK &KLSV VRZLH LQ HOHNWURQLVFKH %LRFKLSV %LRVHQVRUFKLS
1HXURFKLS)UGLH$XVZHUWXQJGHU$UUD\RGHU&KLS7HFKQRORJLHGLHHLQHQKRKHQ
3UREHQGXUFKVDW]HUP|JOLFKWZHUGHQVSH]LHOOH$XVZHUWHJHUlWHVRJHQDQQWHÄ5HDGHU³
EHQ|WLJW ),(+1 XD  /(+5 XD  %5$1'(1%85* XD  'LH
&KLS7HFKQRORJLHHUODXEWVRJDUGLH.XOWLYLHUXQJYRQ=HOOHQXQGGDPLWGLH5HSURGXN
WLRQYRQRUJDQRW\SLVFKHQ6WRIIZHFKVHOOHLVWXQJHQ*277:$/'XDRGHUGHQ








'LH LQ 7DEHOOH  IU GLH 1XNOHLQVlXUHQ DXIJHIKUWHQ 9HUIDKUHQ QXW]HQ GLH
$QDO\WHUNHQQXQJGXUFK+\EULGLVLHUXQJ%HLGHU)UDJPHQWDQDO\VHZHUGHQ]XVlW]OLFK
5HVWULNWLRQVHQ]\PH YHUZHQGHW GLH GLH 1XNOHLQVlXUHVWUlQJH DQ GHILQLHUWHQ 6WHOOHQ
VSDOWHQ






















'5876&+0$11 ' 1g/7( 0 X %/2+0 ' 9LUHQGLDJQRVWLN SHU &KLS 1DFKULFKWHQ DXV GHU
&KHPLH506
 
),(+1 + ./(,1(,'$0 5 * X +$8&+ 6 7HFKQLVFKH $QIRUGHUXQJHQ DQ *HUlWH IU GLH
+HUVWHOOXQJXQG$XVZHUWXQJYRQ0LFURDUUD\V%,2IRUXP446
*$66(1 + * X 6&+5,03) * +UVJ *HQWHFKQLVFKH 0HWKRGHQ (LQH 6DPPOXQJ YRQ

























/,9$. . / )/22' - $ 6 0$50$52 - *,867, : X '((7= . 2OLJRQXFOHRWLGHV ZLWK
)OXRUHVFHQW'\HVDW2SSRVLWH(QGV3URYLGHD4XHQFKHG3UREH6\VWHP8VHIXOIRU'HWHFWLQJ3&5
3URGXFWDQG1XFOHLF$FLG+\EULGL]DWLRQ3&50HWKRGV$SSOLF4













1,(0(<(5&0 X%/2+0' 3URWHLQ1DFKZHLVPLW 3&5 ,PPXQR3&51DFKU&KHP7HFK
/DE446
1h%(/8'1$&KLSVIUGLH(UUHJHU'LDJQRVWLN%,2IRUXP276
3,.( . 0 3/21$ 7 0 67(:$57 & .,0 & 08152( ' - X 6$/2:6.< 5
+RFKGXUFKVDW] (OHNWURSKRUHVH XQG JOHLFK]HLWLJH $QDO\VH DXI HLQHP&KLS IU 3&5'LDJQRVWLN
*,7/DERU)DFK]HLWVFKULIW496
6$,., 5 . 6&+$5) 6 - )$/221$ ) 08//,6 . % +251 * 7 (5/,&+ + $ X
$51+(,0 1 (Q]\PDWLF DPSOLILFDWLRQ RI JORELQ JHQRPLF VHTXHQFHV DQG UHVWULFWLRQ VLWH
DQDO\VLVIRUGLDJQRVLVRIVLFNOHFHOODQHPLD6FLHQFH230
6$,.,5.*(/)$1''+672))(/66&+$5)6-+,*8&+,5+251*708//,6















92/.0(5 +M $1*5(6 % X :(,6( ) 1HXH %LRFKLSV 'LH $QZHQGXQJ YRQ =HOO$UUD\V IU
)XQFWLRQDO*HQRPLFV%,2IRUXP276
:$*1(5 - %LRFKLSV IU GLH 'LDJQRVWLN 9RQ GHU )RUVFKXQJ LQ GLH 5RXWLQH /$%2 0DJD]LQ IU
/DERUWHFKQLN/LIH6FLHQFHV36D6
:$*1(5 - 'DV /DERU DXI GHU 6FKHFNNDUWH /DERQDFKLS6\VWHP IU GLH 0ROHNXODUGLDJQRVWLN
/$%20DJD]LQIU/DERUWHFKQLN/LIH6FLHQFHV36E6






4.2 Genanalytik in der Tierzucht 
%HUHLWVJDEHQ+$//(50$11XDHLQHhEHUVLFKW]XUP|JOLFKHQ1XW]XQJGHU
5)/3V IU GLH ]FKWHULVFKH9HUEHVVHUXQJ GHU /HLVWXQJ YRQ0LOFKULQGHUQhEHU GLH
3HUVSHNWLYHQGHU*HQRPDQDO\VH XQG GHU*HQGLDJQRVWLN LQ GHU1XW]WLHU]XFKW LVW LP
GHXWVFKVSUDFKLJHQ 5DXP LQ LPPHU NU]HUHU )ROJH EHULFKWHW ZRUGHQ '/* 
.$/0DE6&+:(5,16&+:(5,1XQG.h+15(,16&+XQG
7+206(1(5+$5'7.$/06&+:(5,1XD)5,(6
XQG 7+$//(5  .g1,*  6&+:(5,1 D   
6:$/9('(03)/(526&+/$8VRZLH:2/)
















































WLHULVFKHU /HLVWXQJHQ KDW .5b8/,&+ DQOlVVOLFK GHU  +OVHQEHUJHU *HVSUlFKH
YRUJHVWHOOW7DEHOOHHQWKlOWGLHVH$QJDEHQHUJlQ]WXPGLH)XQNWLRQVHEHQHQ
)OX[RP XQG 3K\VLRP )OX[RPLFV 3K\VLRPLFV 'LH *HQDQDO\VH LP HQJHUHQ 6LQQH
XPIDVVW GLH 8QWHUVXFKXQJ YRQ 1XNOHLQVlXUHQ GK GHV *HQRPV XQGRGHU 7UDQV
NULSWRPV'DQDFKZLUGYHUVXFKW LP5DKPHQGHU Ä)XQFWLRQDOJHQRPLFV³HLQH$QDO\VH
GHU)XQNWLRQVZHLVHGHV*HQRPVGKGHU*HVDPWKHLWDOOHU*HQHDQ]XVWUHEHQ6LQGGLH
:LUNPHFKDQLVPHQ GHU 1XNOHLQVlXUH)XQNWLRQVHEHQHQ EHLP 0HQVFKHQ VRZLH EHL
7LHUHQ3IODQ]HQXQG0LNURRUJDQLVPHQJUXQGVlW]OLFKDXIJHNOlUW UFNWGLH(UIRUVFKXQJ
GHU QDFKJHVFKDOWHWHQ (EHQHQ LQ GHQ 0LWWHOSXQNW GHV ,QWHUHVVHV ZDV RIW PLW GHP
$XVGUXFN ÄSRVWJHQRPLVFKHV=HLWDOWHU³XPVFKULHEHQZLUG'LHPHGL]LQLVFKH'LDJQRVWLN




GHU NDVVHQlU]WOLFKHQ $EUHFKQXQJ ]XP DQGHUHQ VFKOLHW GLH 1XW]WLHUJHQGLDJQRVWLN
LPPHUDXFKGLH(UIDVVXQJYRQ/HLVWXQJVPHUNPDOHQHLQ

Literatur zur Genanalytik in der Tierzucht 
'(03)/( / 6WHOOXQJQDKPHGHU'*I=3URMHNWJUXSSH Ä:HLWHUHQWZLFNOXQJ ]FKWHULVFKHU0HWKRGHQ XQG
9HUIDKUHQ³3HUVSHNWLYHQGHU7LHU]FKWXQJVZLVVHQVFKDIW=FKWXQJVNXQGH766


















.5b8/,&+ + 2SWLPLHUXQJ GHU JHQHWLVFKHQ *UXQGODJHQ WLHULVFKHU /HLVWXQJHQ GXUFK JH]LHOWH
*HQRPYHUlQGHUXQJHQ  +OVHQEHUJHU *HVSUlFKH  :HLPDU  ELV  -XQL 2000
6FKULIWHQUHLKHGHU+:LOKHOP6FKDXPDQQ6WLIWXQJ+DPEXUJ6
5(,16&+1 X 7+206(1+ (UJHEQLVVH DXV GHP$'5*HQRPDQDO\VHSURMHNW  5LQGHU:RUN





6&+:(5,1 0 X .h+1 & ,QWHUQDWLRQDOHU 6WDQG GHU 47/.DUWLHUXQJ EHLP 5LQG  5LQGHU
:RUNVKRS Ä$XVZLUNXQJHQ QHXHU 7HFKQRORJLHQ DXI GLH 5LQGHU]XFKW³ 1999 8HO]HQ
'*I=6FKULIWHQUHLKH+HIW19996
6&+:(5,1 0 0$$. 6 '2552&+ 8 X %52&.0$11 * 'LH VWUXNWXUHOOH XQG IXQNWLRQDOH
*HQRPDQDO\VH LP 'LHQVWH HLQHU WLHUJHUHFKWHQ +DOWXQJ XQG GHU 9HUEHVVHUXQJ GHU 4XDOLWlW






















4.2.1  Die Genomanalyse 
%5(1,* ZLHV GDUDXI KLQ GDVV EHLZHLWHU$XVOHJXQJGHV%HJULIIHV*HQRP
DQDO\VHGLHVHEHLXQVHUHQ1XW]WLHUHQPLWGHUHQ'RPHVWLNDWLRQEHJDQQ ,PHQJVWHQ
6LQQHLVWGLH*HQRPDQDO\VHDEHUHUVWQDFKGHU(QWZLFNOXQJGHU'1$6HTXHQ]LHUXQJ




*HQHWLVFKH .DUWHQ ZHUGHQ DXI GHU %DVLV GHU 9HUHUEXQJ JHNRSSHOWHU RGHU XQDE
KlQJLJHU/RFLHUVWHOOW+LHU]XZLUGKlXILJDXI'1$0DUNHU]XUFNJHJULIIHQ0LNURVD
WHOOLWHQ 675 $XFK DQGHUH *HQORFL N|QQHQ JHQXW]W ZHUGHQ ZHQQ VLH SRO\PRUSK
VLQGXQGVRPLWEHLHLQHU0HLRVH,QIRUPDWLRQHQEHUHLQHHYHQWXHOOH.RSSOXQJJHEHQ
(LQH JHQHWLVFKH.DUWH EHUXKW LP*HJHQVDW] ]XU SK\VLNDOLVFKHQ.DUWH QLFKW DXI GHU
$QJDEH YRQ SK\VLNDOLVFKHQ$EVWlQGHQ VRQGHUQ DXI:DKUVFKHLQOLFKNHLWHQ YRQ5H
NRPELQDWLRQHQZlKUHQGGHU0HLRVH=ZHL0HUNPDOHGLH LP1RUPDOIDOO JHPHLQVDP
YHUHUEW ZHUGHQ N|QQHQ VLFK EHL GHU PHLRWLVFKHQ =HOOWHLOXQJ PLW HLQHU JHZLVVHQ
:DKUVFKHLQOLFKNHLWYRQHLQDQGHUWUHQQHQ'LHVH0HUNPDOVRUWHLP*HQRPEH]HLFKQHW







%HL GHU F\WRJHQHWLVFKHQ .DUWLHUXQJ ZHUGHQ '1$)UDJPHQWH GXUFK ELOGJHEHQGH









HQWVSULFKW 'XUFK SDUWLHOOH 6HTXHQ]LHUXQJ 5HVWULNWLRQVVSDOWXQJ XQG0DUNHUDQDO\VH
NDQQ HLQH RULHQWLHUHQGH %HVWLPPXQJ GHU 3RVLWLRQ GHU HLQ]HOQHQ '1$)UDJPHQWH
]XHLQDQGHUHUIROJHQ1DFKPDWKHPDWLVFKHU$XIEHUHLWXQJGHU ,QIRUPDWLRQHQVFKOLHW
VLFK GLH YROOVWlQGLJH 6HTXHQ]DQDO\VH GHU )UDJPHQWH DQ GLH KLHU]X YRUKHU LQ
6XEIUDJPHQWH ]HUOHJW ZXUGHQ 'LHVH 6WUDWHJLH YRQ GHU FRQWLJ(U]HXJXQJ ]XU
*HQRPNDUWHEH]HLFKQHWDOVÄERWWRPXS$QDO\VH³'HUDOWHUQDWLYH:HJGLHÄWRSGRZQ
 
$QDO\VH³ IKUWYRQHLQHU]XQlFKVWJUREHQ.DUWLHUXQJ]X LPPHU IHLQHUHQH[DNWHUHQ
*HQNDUWHQ 'LH SK\VLNDOLVFKH .DUWLHUXQJ EHZLUNW OHW]WOLFK GLH NRPSOHWWH $XINOlUXQJ
GHU%DVHQDEIROJHGHU&KURPRVRPHQE]ZGHVJHVDPWHQ*HQRPV'LH.HQQWQLVGHU
YROOVWlQGLJHQ%DVHQVHTXHQ]VFKOLHWGLH*HQRPDQDO\VHDEHUQLFKWDEGDQRFKGLH




Tabelle 41: 6WDQG GHU*HQRPDQDO\VH EHL (XNDU\RQWHQ (FROL%DNWHULXP XQG Ȝ









0HQVFKKRPRVDSLHQV  ± *,'139$SULO0DL6
*,'156)HEU0lU]
6FKLPSDQVHSDQWURJORG\WHV  ± *,'164-XQL-XOL6
0DXV0XVPXVFXOXV  ± *,'139$SULO0DL6
*,'156)HEU0lU]6
5DWWH5DWWXVQRUYHJLFXV  ± *,'163$SU0DL6
5LQG%RVWDXUXV  ± 11G
6FKZHLQVXVVFURID   :,1.
3XGHO&DQLVIDPLOLDULV   *,'1602NW1RY6
+DXVNDW]HIHOLVFDWXV   KWWSJHQRPNQRZOLEUDU\QHW2005
+XKQ*DOOXVJDOOXV  ± GSD
=HEUDILVFK'DQLRUHULR   .(**
.XJHOILVFK)XJXUXEULGHV   .(**
.XJHOILVFK7HWUDRGRQQLJURYLULGLV   .(**
)UXFKWIOLHJH'URVRSKLODPHODQRJDVWHU   $'$06XD
)UXFKWIOLHJH'URVRSKLODSVHXGRREVFXUD   .(**
6WHFKPFNH$QRSKHOHVJDPELDH   .(**
+RQLJELHQH$SLVPHOLIHUD   *,'162)HEU0lU]6
6HLGHQVSLQQHU%RPE\[PRUL   .(**
.UDOOHQIURVFK;HQRSXVWURSLFDOLV   .(**
0ROFK   :,.,3(',$/H[LNRQ
6HHVFKHLGH&LRQDLQWHVWLQDOLV   *,'156)HEU0lU]6
)DGHQZXUP&DHQRUKDEGLWLVHOHJDQV   *,'139$SULO0DL6
)DGHQZXUP&DHQRUKDEGLWLVEULJJVDH   .(**
3DWKRJHQHU1HPDWRGH%UXJLDPDOD\L   :,1.
6DXJZXUP6FKLVWRVRPDPDQVRQL   :,1.
0DODULDHUUHJHU3ODVPRGLXPIDOFLSDUXP   *,'151$SULO0DL6
+HIH6DFFKDURP\FHVFHUHYLVLDH   *,'139$SULO0DL6
$FNHUVFKPDOZDQG$UDELGRSVLVWKDOLDQD   0$<(5
5HLV2U\]DVDWLYD   7$
0DLV=HDPD\V   0$<(5
:HL]HQ7ULWLFXPDHVWLYXP   0$<(5
%DNWHULXP(VFKHULFKLDFROL   *,'139$SULO0DL6
*,'151$SULO0DL6
%DNWHULXP+DHPRSKLOXVLQIOXHQ]DH   0$(/,&.(





1DFK GHQ ,QIRUPDWLRQHQ GHU .(**  VLQG ]XP  QHEHQ  (XND
U\RQWHQ*HQRPHQ 7LHUH 3IODQ]HQ 3LO]H 3URWLVWHQ DXHUGHP  (XEDNWHULHQ
VRZLH  $UFKHEDNWHULHQ*HQRPH EHNDQQW 'LH $Q]DKO MlKUOLFK DEJHVFKORVVHQHU
*HQRPDQDO\VHQVWLHJYRQ]ZHLLP-DKUHDXILP-DKUH.(**
$P*HQRPDQGHUHU1XW]WLHUDUWHQZLUG LQWHQVLY JHDUEHLWHW 6FKZHLQ11 D
3IHUGYJO%g1(&.(5XD'LHHUVWHHXURSlLVFKH.RQIHUHQ]]XP6FKZHLQH














:LVVHQ XP GLH %DVHQVHTXHQ] QLFKW DXV (V ZLUG KHXWH GDKHU GLH VWUXNWXUHOOH
*HQRPIRUVFKXQJ Ä6WUXFWXUDO *HQRPLFV³ YRQ GHU IXQNWLRQHOOHQ *HQRPIRUVFKXQJ
Ä)XQFWLRQDO *HQRPLFV XQWHUVFKLHGHQ 'LH VWUXNWXUHOOH *HQRPIRUVFKXQJ KDW HLQHQ
IHVWHQ (QGSXQNW GLH .HQQWQLV GHU YROOVWlQGLJHQ '1$6HTXHQ] HLQHV 2UJDQLVPXV
+$00$51DFK6=<3(56.,UHLFKHQLKUH$XIJDEHQELV]XU.OlUXQJ
GHU 3URWHLQIDOWXQJ 6&+:(5,1 D GHILQLHUWH HLQ *HQ ÄDOV $EVFKQLWW DXI GHP
'1$6WUDQJ GHU IU GLH %LOGXQJ GHU SULPlUHQ 7UDQVNULSWLRQVHLQKHLW .HUQ51$
HVVHQ]LHOOLVW³'DV6WUXNWXUVFKHPDHLQHVHXNDU\RQWLVFKHQ*HQVLVWLQ$EELOGXQJ






 *HQH GLH HUVW LP 9HUODXI GHU VRPDWLVFKHQ 5HLIXQJ YRQ /\PSKR]\WHQ LQ LKUHU
HQGJOWLJHQ)RUPHQWVWHKHQ$QWLN|USHUXQG7=HOO5H]HSWRUJHQH

 6WDUW 7HUPLQDWLRQ 0ROHNO



















5’-DNA         
7UDQVNULSWLRQ
      
51$3UR]HVVLQJ6SOLFLQJ
5’-Cap      PolyA 
6WDUW 7UDQVODWLRQ 6WRS
      
















GHUP51$$ENU]XQJQ51$        Protein
Abbildung 4: 6WUXNWXUVFKHPD HLQHV HXNDU\RQWLVFKHQ *HQV XQG VHLQHU ([SUHV
VLRQVSURGXNWHPRGLIL]LHUWQDFK6&+:(5,1D
 
*HQH GHU HUVWHQ GUHL *UXSSHQ ZHUGHQ LQ GHU )RUP YHUHUEW LQ GHU VLH IU GLH
([SUHVVLRQJHEUDXFKWZHUGHQ'LH9HUHUEXQJYRQ*HQHQGHUYLHUWHQ*UXSSHHUIROJW
LQ HLQHU IXQNWLRQVXQIlKLJHQ 6WUXNWXU XQWHU (LQVFKOXVV GHU QLFKW H[SULPLHUEDUHQ
*HQDEVFKQLWWH 6LH ZHUGHQ HUVW VSlWHU LQ LKUH HQGJOWLJH IXQNWLRQVIlKLJH )RUP
XPJHZDQGHOW
:LH LQ$EELOGXQJJH]HLJWZLUG N|QQHQ6WUXNWXUYDULDQWHQ LQ DOOHQ*HQDEVFKQLWWHQ
0HQJH XQG )XQNWLRQ GHV H[SULPLHUWHQ *HQSURGXNWHV EHHLQIOXVVHQ 6R VLQG
6WUXNWXUJHQYDULDQWHQ GLH 8UVDFKH YLHOHU (UENUDQNKHLWHQ RGHU PRQRJHQ YHUHUEWHU
0HUNPDOH3URPRWRUYDULDQWHQEHHLQIOXVVHQGDV'1$3URWHLQELQGXQJVYHUP|JHQXQG
GLH*HQH[SUHVVLRQZlKUHQG¶8759DULDQWHQGLH6WDELOLWlWGHUP51$EHVWLPPHQ
'LH (IIHNWH GHU 9DULDQWHQ HLQ]HOQHU *HQDEVFKQLWWH N|QQHQ VLFK PLWXQWHU
NRPSHQVLHUHQ 6&+:(5,1 D 'DUEHUKLQDXV VLQG 0HFKDQLVPHQ EHNDQQW
QDFK GHQHQ GLH *HQH[SUHVVLRQ DXFK GXUFK 0RGLILNDWLRQ GHU &KURPDWLQVWUXNWXU
SRVWWUDQVODWLRQDOH 0HWK\OLHUXQJ YRQ +LVWRQSURWHLQHQ EHHLQIOXVVW ZLUG %$8(5
'LHHSLJHQHWLVFKH:HLWHUJDEHHOWHUOLFKHU,QIRUPDWLRQHQLQIROJHGHVÄ*HQRPLF





HLQ Ä1XU51$*HQ³ *,%%6 D ]ZHL HSLJHQHWLVFKH (IIHNWH VRZLH HLQH
3XQNWPXWDWLRQ LQHLQHUÄ'1$:VWH³GLH%DVHQYRPQlFKVWHQ*HQHQWIHUQW
LVW*,%%6E
'LH 9DULDWLRQ DXI GHU (EHQH GHU JHQRPLVFKHQ '1$ LVW OHW]WOLFK GLH 8UVDFKH GHV
3KlQRPHQV GDV DOV JHQHWLVFKH 9DULDWLRQ EH]HLFKQHW ZLUG Ä:HQQ HLQ]HOQH '1$
9DULDQWHQ LQHLQHU)UHTXHQ]DXIWUHWHQZHOFKHGHUHQ(QWGHFNXQJ LQHLQHU]XIlOOLJHQ
6WLFKSUREH YRQ  &KURPRVRPHQ P|JOLFK PDFKW VSULFKW PDQ YRQ 3RO\
PRUSKLVPXV³ )5,(6  'LH '1$9DULDWLRQ LP (UEPDWHULDO EHUXKW DXI GHQ LQ
7DEHOOH  GDUJHVWHOOWHQ0XWDWLRQVYDULDQWHQ YRQ1XNOHRWLGEDVHQ 'D GLH 6HTXHQ]
DQDO\VH ]XP $XIILQGHQ VROFKHU LQGLYLGXHOOHQ '1$9DULDQWHQ ]X DXIZlQGLJ LVW VLQG
YHUVFKLHGHQHDOWHUQDWLYH$QDO\VHQPHWKRGHQHQWZLFNHOWZRUGHQ'LHlOWHVWHZDU GLH
'DUVWHOOXQJ GHU '1$5HVWULNWLRQVIUDJPHQW/lQJHQSRO\PRUSKLVPHQ 5)/3V GXUFK
%2767(,1 XD  2EZRKO PLW +LOIH GHU 5)/3V QXU HLQ 1XNOHRWLGEDVHQ
DXVWDXVFK QDFKZHLVEDU LVW NRQQWHQ PLW GLHVHU 7HFKQLN YLHOH '1$0DUNHUNDUWHQ


















6WDWXV  Promotor 5’-UTR Strukturgen 3’-UTR 






  &&*&&  $* TGC **& $888$
       
  &&*T&  $* TAC **& $88C$





























./(,1 Menge des  
Genproduktes 















$$**&$$&7**7&77$7*7 2. Deletion einer Sequenz  
$$**&$$$&&7$&7**7&77$7*7  XUVSUQJOLFKH%DVHQVHTXHQ]
                  AAA GC  
$$**&$$$&&7$&AA AGC7**7&77$7*7 3. Insertion einer Sequenz 
$$*GCA AAC&7$&7**7&77$7*7  XUVSUQJOLFKH%DVHQVHTXHQ]
$$*GTT TGC&7$&7**7&77$7*7 4. Inversion einer Sequenz 













5)/3        ņ ņ 
 ź    ź    ņ ņ
 ź  ź  ź    ņ ņ
5)/3 ź    ź   ņ ņ 
613 ź  ź      ņ ņ
5)/3          
9175 ź ĺĺ ĺĺ  ź   ņ ņ 
0LQLVDWHOOLW ź ĺĺ ź      ņ ņ








5)/3 ź ĺĺ ĺĺ ź  ź ĺĺ ĺĺ  ź  ņ ņ 
 ź ĺĺ ź   ź ĺĺ ź      
             ņ ņ
 
            ņ ņ 
9175  ź ĺĺ ĺĺ  ź ź ĺĺ ĺĺ  ź   
             ņ ņ
            ņ ņ 
0LQLVDWHOOLW  ź ĺĺ ź   ź ĺĺ  ź   ņ ņ
9175 őő íí ĺĺ ĺĺ ĺĺ ĺĺ ĺĺ ĺĺ ĺĺ íí őő ņ ņ 
6753              
0LNURVDWHOOLW őő íí ĺĺ ĺĺ ĺĺ ĺĺ ĺĺ íí őő    ņ ņ
Abbildung 6: 'LH YHUVFKLHGHQHQ $UWHQ GHU '1$9DULDWLRQ XQG GHUHQ 'DUVWHOOXQJ
QDFK)5,(6

'1$0LNURVDWHOOLWHQ VWHOOHQ(LQKHLWHQYRQ]ZHL >7DQGHP ]% &$Q *7Q *$Q@
ELVPDQFKPDO IQI1XNOHRWLGHQGDUGLHVLFKELV]XPDOZLHGHUKROHQ UHSHWLWLYH
(LQKHLWHQ 'DKHU UKUW DXFK GLH %H]HLFKQXQJ Ä6KRUW 7DQGHP 5HSHDWV³ 675





UHQ EHVWHKHQ XQG ELV ]X IDFK KLQWHUHLQDQGHU ZLHGHUKROW ZHUGHQ 'DQHEHQ




GHU '1$ 'LHVH PLW Q    ELV  YRUKDQGHQHQ $EVFKQLWWH 7HORPHUH
YHUNU]HQVLFKPLWMHGHU=HOOWHLOXQJ'LHDPKlXILJVWHQYRUNRPPHQGH)RUPGHU'1$
9DULDWLRQ LVW GHU $XVWDXVFK HLQHU HLQ]LJHQ %DVH 6ROFKH DXI GHP(LQ]HOEDVHQDXV
WDXVFKEHUXKHQGHQ3RO\PRUSKLVPHQQHQQWPDQÄ6LQJOH1XFOHRWLGH3RO\PRUSKLVPV³





 SKlQRW\SUHOHYDQWH 613V 6XESRSXODWLRQ GHU JHQDVVR]LLHUWHQ XQG GHU NRGLH
UHQGHQ613VPLWPHGL]LQLVFKUHOHYDQWHP(UVFKHLQXQJVELOG
XQWHUVFKLHGHQ)2(51=/(5
'LH '1$9DULDELOLWlW LQ GHQ *HQRPHQ NDQQ PLW +LOIH GHU 3DUDPHWHU Nukleotid-
polymorphismus $Q]DKO 613V   1XNOHRWLGH VRZLH Nukleotiddiversität



































GHU$EELOGXQJGDUJHVWHOOW0HQJHQPlLJEHGHXWVDP LVWGLH UHSHWLWLYH'1$GLH LQ
PLWWHOUHSHWLWLYH 7UDQVSRVRQV 5HWURHOHPHQWH VRZLH LQ KRFKUHSHWLWLYH 6HTXHQ]HQ
7HORPHU6DWHOOLWHQ0LQLVDWHOOLWHQXQG0LNURVDWHOOLWHQ'1$XQWHUWHLOWZLUG%HLGHU
























































      
a  a    














      
      
HLQPDOYRUKDQGHQRGHU
VFKZDFKUHSHWLWLY
    
      
  !  a a±












      
     a a


















5LQGHUJHQRPV $EE  GLH GDV 0LWRFKRQGULHQJHQRP VRZLH HLQLJH TXDQWLWDWLYH













































'D GDV*HQRPGHU1XW]WLHUDUWHQ YRUZHQLJHQ -DKUHQ QRFK QLFKW EHNDQQWZDU KDW
PDQ YHUVXFKW DXI PHKUHUHUQ :HJHQ HLQHQ SUDNWLVFK QXW]EDUHQ =XVDPPHQKDQJ
]ZLVFKHQ '1$%DVHQYDULDWLRQ XQG SKlQRW\SLVFKHQ 0HUNPDOHQ (UENUDQNKHLWHQ
/HLVWXQJVPHUNPDOH]XILQGHQ
 'LH 'HILQLWLRQ YRQ VR JHQDQQWHQ .DQGLGDWHQJHQHQ .DQGLGDWHQJHQDQVDW] YRQ
GHQHQPDQ DQQLPPW GDVV LKUH JHQHWLVFKH 9DULDWLRQ HLQHQ 7HLO GHU SKlQRW\SL
VFKHQ9DULDWLRQHUNOlUHQNDQQ%5$'(
 'LH8QWHUVXFKXQJYRQ47/QXDQWLWDWLYHTUDLWLRFL47/.DUWLHUXQJVDQVDW]




 6FUHHQHQ YRQ EHNDQQWHQ *HQRPEHUHLFKHQ QDFK &KURPRVRPHQUHJLRQHQ GLH
HLQHQ(LQIOXVVDXIHLQH1XW]HLJHQVFKDIWDXVEHQ%5$'(





47/'1$5HJLRQHQ DQJHRUGQHW ZlKUHQG IXQNWLRQHOOH .DQGLGDWHQJHQH*HQH VLQG
 
GHUHQ*HQSURGXNWHDQGHU0HUNPDOVDXVSUlJXQJEHWHLOLJWVLQG6&+:(5,1D
(LQH DQGHUH DOOJHPHLQH 'HILQLWLRQ ODXWHW Ä%HILQGHQ VLFK 0DUNHU XQG 0HUNPDO SHU
'HILQLWLRQDXIGHPJOHLFKHQ&KURPRVRPEHLGHPYRQDQGHUHQ6SH]LHVHLQ=XVDP
PHQKDQJ ]ZLVFKHQ EHLGHQ EHNDQQW LVW RGHU YHUPXWHW ZLUG EH]HLFKQHW PDQ GDV
]XJHK|ULJH*HQDOV.DQGLGDWHQJHQ³5g//,1'LH0HUNPDOVDXVSUlJXQJGDUI
QLFKW DOV VWDUUHV 6\VWHP YHUVWDQGHQ ZHUGHQ $XI DOOHQ 6WXIHQ GHU *HQZLUNXQJ
]ZLVFKHQJHQRPLVFKHU'1$XQGEHREDFKWEDUHP0HUNPDON|QQHQGXUFK)HKOHUEHL
GHU5HSOLNDWLRQRGHU5HNRPELQDWLRQRGHU GXUFK0XWDWLRQ9HUlQGHUXQJHQDXIWUHWHQ
GLH GLH 0HUNPDOVDXVSUlJXQJ EHHLQIOXVVHQ 3RO\JHQH 8UVDFKHQ RGHU LQWHUJHQH
:HFKVHOZLUNXQJHQ PVVHQ IU GDV 9HUVWlQGQLV GHU JHQHWLVFKHQ *UXQGODJHQ GHU
0HUNPDOVDXVSUlJXQJXQGGLIIHUHQ]LHUXQJHEHQIDOOVEHDFKWHWZHUGHQ$EKlQJLJYRP
(QWZLFNOXQJVVWDGLXP YRQ JHQHWLVFKHQ XQG8PZHOWIDNWRUHQ H[SULPLHUW HLQ2UJDQLV
PXVJHZHEHVSH]LILVFKQXUHLQHQ7HLODOOHU*HQH LQGHU=HOOH6HOEVWZHQQHLQ6SH
]LHVJHQRP H[DNW VHTXHQ]LHUW YRUOLHJW EHVWHKW KLQVLFKWOLFK GHU IXQNWLRQHOOHQ =XRUG
QXQJHLQQRFK]XJHULQJHV:LVVHQ'LHVH$XIJDEHREOLHJWGHU³)XQNWLRQDOHQ*HQRP
DQDO\VH³ GLH PLW +LOIH GHU ÄP51$ GLIIHUHQ]LDO GLVSOD\7HFKQLN³ EHU GLH (OHNWUR
SKRUHVH GHU F'1$ VRZLH LQ PRGHUQHU )RUP PLWWHOV ÄF'1$0LFURDUUD\V³ GLH HLQ
*URWHLOGHUÄ(67V³HLQHU=HOOHHQWKDOWHQGXUFKJHIKUWZHUGHQNDQQ1RFKDNWXHOOHU
LVW GLH 1XW]XQJ YRQ +RFKGXUFKVDW] 6FUHHQLQJV +76 LQ 9HUELQGXQJ PLW GV51$




DXIZlQGLJHQ ELVKHULJHQ ÄNQRFNRXW7HFKQLNHQ³ 0HWKRGH GHU KRPRORJHQ5HNRPEL
QDWLRQXQGGHU$QWLVHQVH2OLJRQXNOHRWLGHHUVHW]HQXQGGLHIXQNWLRQHOOH*HQDQDO\VH
EHL 0HQVFK 0RGHOO XQG 1XW]WLHU ZHVHQWOLFK EHVFKOHXQLJHQ ]X N|QQHQ 5,(*(5
XD











%HLP 5LQG ZLUG JHVFKlW]W GDVV VHLQ *HQRP EHU  0LNURVDWHOOLWHQ PLW GHU
.RPELQDWLRQ &$ RGHU *7 YHUIJW )5,(6  (LQ 7HLO GLHVHU0LNURVDWHOOLWHQ
HLJQHWVLFKDOV0DUNLHUXQJVSXQNWDXIGHU'1$DOVVRJHQDQQWHJHQHWLVFKH0DUNHU
'XUFK .RSSOXQJVXQWHUVXFKXQJHQ YRQ /HLVWXQJVPHUNPDOHQ XQG SRO\PRUSKHQ 0DU
NHUQEHUPHKUHUH*HQHUDWLRQHQXQG]ZLVFKHQ*HVFKZLVWHUQRGHU+DOEJHVFKZLVWHUQ
HUKlOW PDQ +LQZHLVH DXI GLH UHOHYDQWH /DJH YRQ 47/ RGHU *HQHQ ]ZLVFKHQ GHQ
HLQ]HOQHQ0DUNHURUWHQ XQG NDQQ0DUNHUNDUWHQ HUVWHOOHQ GLH DXI GHU ]FKWHULVFKHQ
%HREDFKWXQJ GHU 9HUHUEXQJ YRQ 0HUNPDOHQ *HQHQ RGHU '1$0DUNHUQ EHUXKHQ
5HNRPELQDWLRQVHUHLJQLVVHEHLPVRJHQDQQWHQÄFURVVLQJRYHU³ZlKUHQGGHU0HLRVH
Literatur zur Genomanalyse 




%g1(.(5 & 0h//(5 ' :,77:(5 & .8,3(5 + '5g*(0h//(5 & X ',67/ 2
3K\VLNDOLVFKH .DUWLHUXQJ YRQ 3IHUGHFKURPRVRPHQ XQG YHUJOHLFKHQGH *HQRPDQDO\VH PLW



















)5,(6 5 '1$9DULDWLRQ  3RO\PRUSKLVPXV  *HQHWLVFKH 9DULDWLRQ  +OVHQEHUJHU *HVSUlFKH
 :HLPDU  ELV  -XQL 2000 6FKULIWHQUHLKH GHU + :LOKHOP 6FKDXPDQQ 6WLIWXQJ
+DPEXUJ6
*,%%6::8QEHNDQQWHV*HQRP 7HLO ,1XU51$*HQH3UH]LRVHQ LP'1$6FKURWW6SHNWUXP
GHU:LVVHQVFKDIW26D6
*,%%6 : : 8QEHNDQQWHV *HQRP  7HLO ,, (SLJHQHWLN '1$ LVW QLFKW DOOHV 6SHNWUXP GHU
:LVVHQVFKDIW26E6
+$00$5)*HQRPIRUVFKXQJ1DFKU&KHP7HFK/DE466
+2+(,6(/ - ' )(//(1%(5* . %5256 % ',(+/ ) +$86(5 1 X 9,1*521 0









026(5 5 - 5(9(57(5 $ .(55 & $ %(+ . - X /(+1(57 6 $ $ PL[HGPRGHO
DSSURDFK IRU WKH DQDO\VLV RI F'1$PLFURDUUD\ JHQH H[SUHVVLRQ GDWD IURP H[WUHPHSHUIRUPLQJ
SLJVDIWHULQIHFWLRQZLWK$FWLQREDFLOOXVSOHXURSQHXPRQLDH-$QLP6FL82


















:,1. 0 +UVJ 0ROHNXODUH %LRWHFKQRORJLH .RQ]HSWH XQG 0HWKRGHQ :LOH\ ± 9&+ :HLQKHLP
20046
 
4.2.2 Die markergestützte Selektion
,P *HJHQVDW] ]XU *HQGLDJQRVWLN EUDXFKW PDQ EHL GHU PDUNHUJHVWW]WHQ 6HOHNWLRQ
0$6GLH6HTXHQ]GHULQWHUHVVLHUHQGHQ=LHOJHQHQLFKW]XNHQQHQ'LH0$6EDVLHUW
DXI GHU .RSSOXQJ YRQ /HLVWXQJVJHQHQ PLW SRO\PRUSKHQ JHQHWLVFKHQ 0DUNHUQ ZLH
0LNURVDWHOOLWHQ%OXWJUXSSHQ0LOFKSURWHLQDOOHOHQ5)/391755$3'RGHU613GLH
GDV =LHOJHQ DXVUHLFKHQG VLFKHU PDUNLHUHQ 0DUNHU VWHOOHQ 0DUNLHUXQJVSXQNWH DXI
GHQ&KURPRVRPHQGDUGHQHQVHOEVWPHLVWNHLQH)XQNWLRQ]XNRPPW.$/0
%HLGHQ1XW]WLHUDUWHQ5LQG6FKZHLQXQG+XKQ OLHJHQ LQ]ZLVFKHQ0DUNHUNDUWHQPLW





DE1DFK%5$'( VLQG7\S ,0DUNHU GLUHNWH0DUNHUSRO\PRUSKH*HQHXQG
7\S,,0DUNHULQGLUHNWH0DUNHUKRFKSRO\PRUSKHQLFKWNRGLHUHQGH'1$$EVFKQLWWH
7DEHOOHJLEWHLQHhEHUVLFKW]XGHQ0DUNHUW\SHQGLHDOOHDXI'1$9DULDWLRQHQLP




Bezeichnung Kürzel Typ Variabilität 
5HVWULNWLRQVIUDJPHQW/lQJHQ3RO\PRUSKLVPXV 5)/3 , JHULQJ
0LQLVDWHOOLWHQ9DULDEOH1XPEHU7DQGHP5HSHDWV 9175 ,, KRFK
0LNURVDWHOOLWHQ6KRUW7DQGHP5HSHDWV 675 ,, KRFK
]XIlOOLJH$PSOLILNDWLRQSRO\PRUSKHU'1$ 5$3' ,, JHULQJ
(LQ]HOVWUDQJ.RQIRUPDWLRQV3RO\PRUSKLVPXV 66&3 , JHULQJ
DPSOLIL]LHUWHU)UDJPHQW/lQJHQ3RO\PRUSKLVPXV $)/3 ,, KRFK





ILQGOLFKH 3RO\PRUSKLVPXV ZLUG LP )DOOH GHU $)/3 GXUFK JHHLJQHWH 3ULPHU PLWWHOV
3&5 ]XVlW]OLFK DPSOLIL]LHUW XQG QDFK*HO(OHNWURSKRUHVH GHU )UDJPHQWH EHU )LQ
JHUSULQWLQJQDFKJHZLHVHQ
%HLGHU5$3'VHW]WPDQDQVWHOOHYRQ5HVWULNWLRQVHQ]\PHQNXU]NHWWLJH2OLJRQXNOHRWL





7HPSHUDWXU PLW VLFK VHOEVW SDDUHQ XQG GDEHL KRFKNRPSOH[H .RQIRUPDWLRQHQ
HLQQHKPHQ 'XUFK 0XWDWLRQ HLQHU HLQ]LJHQ %DVH NDQQ HV ]X .RQIRUPDWLRQVlQGH






      $ % $ % % $ % $                           )UDJPHQW                                        
$)/3$QDO\VH
      $ % $ % % $   % $                                 $PSOLNRQ                                        
Abbildung 9: $OOJHPHLQHV 6FKHPD ]XU 5)/3 XQG $)/3$QDO\VH QDFK :,1.
 

'HU ,QIRUPDWLRQVJHKDOW HLQHV 0DUNHUV HUJLEW VLFK DXV GHU +lXILJNHLW PLW GHU GLH
0DUNHUDOOHOHYRQGHQ(OWHUQDQ LKUH1DFKNRPPHQYHUHUEWZHUGHQ6&+(//$1'(5
XQG :,00(56  'LH 0$6 ZHLVW JHJHQEHU GHU SKlQRW\SLVFKHQ 6HOHNWLRQ
JURH9RUWHLOHDXILQGHPVLHHVHUODXEWHLQH6HOHNWLRQXQDEKlQJLJYRQ*HVFKOHFKW
XQG $OWHU RGHU DXFK EHL SRO\JHQHQ (LJHQVFKDIWHQ GXUFK]XIKUHQ $00$11 XQG
92*(/1DFK%5$'(ZLUGGLHPDUNHUJHVWW]WH6HOHNWLRQZHJHQGHU
UHODWLY JUREHQ .DUWLHUXQJ GHU 47/ JHJHQZlUWLJ QXU EHUFNVLFKWLJW ZHQQ ]ZLVFKHQ
































$OOHO$          
(OHNWURSKRUHVH          
1DFK

NRPPHQ $OOHO%          











'DV QDFKIROJHQGH 6FKHPD YHUGHXWOLFKW GHQ WRSRJUDSKLVFKHQ =XVDPPHQKDQJ ]ZL
VFKHQ0DUNHUDOOHOSDDUHQ $% VRZLH&' XQG HLQHU ]FKWHULVFK SRVLWLYHQ 47/
RGHUQHJDWLYHQ47/$XVSUlJXQJ$OOHOHQHLQHUUHOHYDQWHQ1XW]HLJHQVFKDIW

  0DUNHU    0DUNHU
'1$$47/&'1$
$OOHO  47/$OOHO  $OOHO
'1$%47/''1$
$OOHO  47/$OOHO  $OOHO

0DUNHUGLH47/]XEHLGHQ6HLWHQIODQNLHUHQYHUULQJHUQGLH)HKOHUTXRWHEHLGHU0$6




 'LH XQWHUVXFKWH 3RSXODWLRQ PXVV VRZRKO IU GHQ 0DUNHU DOV DXFK IU GDV
XQWHUVXFKWH0HUNPDOVJHQDXVUHLFKHQGSRO\PRUSKVHLQ%5$'(




'LH PDUNHUJHVWW]WH 6HOHNWLRQ LQQHUKDOE YRQ 7LHUIDPLOLHQ ELHWHW IROJHQGH 9RU]JH
.$/0
 9HUNU]XQJ GHV *HQHUDWLRQVLQWHUYDOOV GXUFK 6HOHNWLRQ DQ 1DFKNRPPHQ YRU
GHUHQ0HUNPDOVDXVSUlJXQJ]%(PEU\RQHQ.lOEHU
 9HUEHVVHUXQJGHU6HOHNWLRQVJHQDXLJNHLWGXUFK1XW]XQJYRQ*HQRPLQIRUPDWLRQHQ










PlQQOLFKHQ=XFKWWLHUHQ YRU DOOHPDXI6SHUPDDOV'1$4XHOOH ]XUFNJHJULIIHQZLUG
YJO /,(1 XD  .h+1 XD  $XFK DQGHUH .|USHUIOVVLJNHLWHQ RGHU
+DDUH N|QQHQ DOV '1$4XHOOH GLHQHQ +,*8&+, XD  .$:$6$., 
:HLWHUH ,QIRUPDWLRQHQ ]XU 1XW]XQJ GHU 0$6 VLQG EHL 63(/0$1 XQG 9$1
$5(1'21.  0,(/(1= XQG 6&+h/(5  VRZLH 9,//$18(9$ XD
]XILQGHQ








)5,(6 5 '1$9DULDWLRQ  3RO\PRUSKLVPXV  *HQHWLVFKH 9DULDWLRQ  +OVHQEHUJHU *HVSUlFKH




























4.2.3 Die Abstammungskontrolle und die Herkunftssicherung 
'LH $EVWDPPXQJVVLFKHUXQJ EHL 1XW]WLHUHQ HUIROJW DXV ]FKWHULVFKHQ *UQGHQ ]XU
6LFKHUXQJ YRQ $QSDDUXQJV XQG 6HOHNWLRQVHQWVFKHLGXQJHQ XQG GDPLW ]XU
*HZlKUOHLVWXQJ GHV ]FKWHULVFKHQ)RUWVFKULWWV 6LHZXUGH EHU YLHOH -DKUH DXI GHU




(8.RPPLVVLRQ YRP  ]XU )HVWOHJXQJ YRQ 9HUIDKUHQ ]XU JHQHWLVFKHQ
,GHQWLIL]LHUXQJ UHLQUDVVLJHU =XFKWULQGHU XQG ]XU bQGHUXQJ GHU (QWVFKHLGXQJHQ
(:*XQG(*ZHUGHQ%HVWLPPXQJHQIHVWJHOHJWGLHLP+LQEOLFNDXIGLH
=XFKWEHVFKHLQLJXQJ IU UHLQUDVVLJH =XFKWWLHUH GLH 9HUZHQGXQJ YRQ 9HUIDKUHQ GHU
JHQHWLVFKHQ%HVWLPPXQJJHVWDWWHQGLHHLQHU%OXWJUXSSHQEHVWLPPXQJJOHLFKZHUWLJH
ZLVVHQVFKDIWOLFKH*DUDQWLHQELHWHQ³$'5'DVIUGLH$EVWDPPXQJVNRQWUROOH
SUDNWL]LHUWH 9HUIDKUHQ HUVWHOOW EHU GLH %HVWLPPXQJ YRQ 0LNURVDWHOOLWHQ HLQ JHQH
WLVFKHV3URILOGHV(LQ]HOWLHUHVÄJHQHWLVFKHU)LQJHUDEGUXFN³ZHVKDOEPDQDXFKYRQ
Ä0LNURVDWHOOLWHQ'LDJQRVWLN³ VSULFKW 3)(,))(5 XQG 0$5*$1  ,Q GHU
IRUHQVLVFKHQ 0HGL]LQ ZHUGHQ 6KRUW7DQGHP5HSHDW/RFL 675 IU GLH (UVWHOOXQJ
HLQHV JHQHWLVFKHQ )LQJHUDEGUXFNV EHQXW]W $06+2))  QDFKGHP IUKHU
5)/3 VRZLH 0XOWL RGHU 6LQJOH/RFXV'1$6RQGHQ 9HUZHQGXQJ IDQGHQ +2)
0$11  /8%-8+1  1HEHQ %OXW 6SHUPD VRPDWLVFKHQ =HOOHQ DXV
2UJDQHQ0XVNHOJHZHEHRGHU0LOFKN|QQHQDXFK+DDUH]XU7\SLVLHUXQJYHUZHQGHW
ZHUGHQ YJO +,*8&+, XD  '1$0DUNHU XQG 613V HLJQHQ VLFK ]XU
7LHULGHQWLILNDWLRQVRZLH$EVWDPPXQJVXQG+HUNXQIWVNRQWUROOHIUGLH*HZlKUOHLVWXQJ
GHU 5FNYHUIROJEDUNHLW $5$1$ XD  +($721  $EVWDPPXQJV XQG
,GHQWLWlWVWHVWV ZHUGHQ GHU]HLW EHL GHQ 7LHUDUWHQ 5LQG 6FKZHLQ 6FKDI XQG 3IHUG
GXUFKJHIKUWYJO7DE

'LH +HUNXQIWVVLFKHUXQJ GLHQW YRU DOOHP GHU 9HUIROJXQJ GHV +DQGHOVZHJHV YRQ
6FKODFKWWLHUHQ6FKODFKWN|USHUQXQG)OHLVFKWHLOVWFNHQYRP(U]HXJHUELV]XU/DGHQ
WKHNH XQG KDW IU 'HXWVFKODQG LKUHQ $XVJDQJVSXQNW LQ GHU %6(.ULVH ]XU -DKUHV
ZHQGH  3DUDOOHO PXVVWHQ GDPDOV VRZRKO 9HUIDKUHQ ]XU .RQVHUYLHUXQJ
RGHU VFKRQHQGHQ$XIEHZDKUXQJ YRQ WLHULVFKHQ 3UREHQPLW '1$ DOV DXFK GLH QRW
ZHQGLJHQJHQDQDO\WLVFKHQ9HUIDKUHQHQWZLFNHOWZHUGHQ*HZHEHSUREHQYRPOHEHQ
GHQ7LHU JHZLQQWPDQDPHLQIDFKVWHQEHL GHPYRUJHVFKULHEHQHQ(LQ]XJ YRQ2KU
PDUNHQ 'DV EHL GHU 'XUFKORFKXQJ GHV 2KUV DQIDOOHQGH *HZHEH NDQQ GXUFK /D
JHUXQJ EHL   & GXUFK /\RSKLOLVDWLRQ 6&+:(5,1 XD  VRZLH GXUFK
NRQVHUYLHUHQGHQ:DVVHUHQW]XJ%5(0LQHLQHQ=XVWDQGYHUVHW]WZHUGHQGHU
HLQHPHKUMlKULJH/DJHUXQJGHU3UREHQRKQH'1$$EEDXHUODXEW'LH(8HUOLH







EHU HOHNWURQLVFKH7LHUDNWHQ LP ,QWHUQHW YHUIJEDU 5$6086 $OWHUQDWLY ]XU
7LHUNHQQ]HLFKQXQJ EHU '1$0XVWHU NDQQ DXFK GLH 1HW]KDXW GHU $XJHQ 5HWLQD
6FDQQLQJ ]XU ,GHQWLILNDWLRQ XQG 5FNYHUIROJEDUNHLW KHUDQJH]RJHQ ZHUGHQ 11
 'LHVH1DFKZHLVP|JOLFKNHLW EHVFKUlQNW VLFK DEHU DXI GDV OHEHQGH 7LHU XQG
NDQQ EHL 6FKODFKWN|USHUWHLOVWFNHQ QLFKW HLQJHVHW]W ZHUGHQ hEHU (UIDKUXQJHQPLW
GHU 5FNYHUIROJEDUNHLW EHL )OHLVFK EHULFKWHWH %5$16&+(,'  0ROHNXODUH
$QVlW]H GLHQHQ HEHQVR ]XU 5FNYHUIROJEDUNHLW EHL VSH]LHOOHQ 0LOFKSURGXNWHQ YJO
&(5,277,XDDRGHUEHLYHUGRUEHQHP)OHLVFK:$*1(5XD

'LH ]XU$EVWDPPXQJVNRQWUROOH XQG ]XU+HUNXQIWVVLFKHUXQJ YHUZHQGHWHQ9HUIDKUHQ
DXI GHU %DVLV YRQ '1$3RO\PRUSKLVPHQ IDQGHQ DXFK EHL 8QWHUVXFKXQJHQ ]XU
HYROXWLRQlUHQ *HQRPLN 67(3+$1 XQG 'H /25(1=2  VRZLH LQ GHU '1$
*HQHDORJLHYJO)52%g6($QZHQGXQJ










%5$16&+(,' : %OLFN ]XUFN LP =RUQ" .ULWLVFKH )UDJHQ ]XU 5FNYHUIROJEDUNHLW EHL )OHLVFK










'2''6 . * 7$7( 0 / X 6,6( - $ *HQHWLF HYDOXDWLRQ XVLQJ SDUHQWDJH LQIRUPDWLRQ IURP
JHQHWLFPDUNHUV-D$QLP6FL83
(8523b,6&+( .200,66,21 (OHNWURQLVFKHV 6\VWHP ]XU ,GHQWLIL]LHUXQJ YRQ  0LOOLRQHQ
(XURSlLVFKHQ1XW]WLHUHQ3UHVVHHLQODGXQJ20036












1(&+7(/%(5*(5 ' .$/7:$66(5 & 6785 , 0(<(5 -1 %5(0 * 0h//(5 0 X
0h//(5 6 '1$ PLFURVDWHOOLWH DQDO\VLV IRU SDUHQWDJH FRQWURO LQ $XVWULDQ SLJV '1$
0LNURVDWHOOLWHQ$QDO\VH]XU$EVWDPPXQJVNRQWUROOHEHL|VWHUUHLFKLVFKHQ6FKZHLQHUDVVHQ$QLPDO
%LRWHFKQRORJ\12 












5$6086 . +HUNXQIWVVLFKHUXQJ *HQH PDFKHQ GLH 2KUPDUNHQ EHUIOVVLJ 9LD ,QWHUQHW VLQG LP
$QLPDO7UXVW&HQWHUGLHHOHNWURQLVFKHQ7LHUDNWHQDEUXIEDU)OHLVFKZLUWVFK846
6&+:(5,1 0 5(,&+$5'7 : *(51$1' ( X .h+1 & *HQRW\SHQGDWHQEDQN RGHU
*HZHEHEDQN  9HUJOHLFK YRQ ]ZHL $QVlW]HQ ]XU 5FNYHUIROJXQJ GHV 5LQGIOHLVFKHV YRQ GHU
/DGHQWKHNHELV]XP6FKODFKWWLHU=FKWXQJVNXQGH736







4.2.4 Die Gendiagnostik 
'LH0ROHNXODUJHQHWLNVSLHOWLQGHU7LHU]FKWXQJQDFK6:$/9(]XQlFKVWHLQH
5ROOHEHLGHU,GHQWLILNDWLRQYRQVRJHQDQQWHQ'HIHNWJHQHQE]Z6FKDGDOOHOHQGLHLQ
)RUP YRQ(UEGHIHNWHQ .UDQNKHLWHQ YHUXUVDFKHQ hEHU GLH*HQGLDJQRVWLN NDQQ EHL
GHQ UH]HVVLYHQ$OOHOHQ HLQH IUKH VFKQHOOH VLFKHUH XQG NRVWHQJQVWLJH6DQLHUXQJ
YRQ3RSXODWLRQHQ YRUJHQRPPHQZHUGHQ:HLWDXV EHGHXWHQGHUZLUG LQ =XNXQIW GLH
$QZHQGXQJGHU*HQGLDJQRVWLNEHLGHU6XFKHXQGGHU(UNHQQXQJYRQVRJHQDQQWHQ
TXDQWLWDWLYHQ /HLVWXQJVPHUNPDOHQ 47/   4XDQWLWDWLYH 7UDLW /RFL VHLQ 6:$/9(





'LH *HQGLDJQRVWLN ]XU ,GHQWLILNDWLRQ YRQ Defektgenen XPIDVVW GDEHL VRZRKO GLH
'LDJQRVWLN PDQLIHVWHU )HKOIXQNWLRQHQ DOV DXFK GLH SUlGLNWLYH *HQGLDJQRVWLN YJO
',1*(50$11  GLH 5LVLNHQ DXIGHFNHQ KLOIW GLH PLW HLQHU JHZLVVHQ :DKU
VFKHLQOLFKNHLW HLQWUHWHQ N|QQHQ 'DQHEHQ KLOIW VLH EHL GHU $XINOlUXQJ PROHNXODUHU
3DWKRJHQLWlWVPHFKDQLVPHQ RGHU EHL GHU 6XFKH QDFK QHXHQ *HQHQ GLH EHL




WUDQVJHQHU .ORQH RGHU GDV (PEU\RQHQ6H[LQJ XQWHU 1XW]XQJ GHU 3&5'LDJQRVWLN
DOV%HLVSLHOHDXIJHIKUWZHUGHQ
%5$'(ZLHVLQVHLQHP%HLWUDJ]XU'RPHVWLNDWLRQGHU+DXVULQGHUGDUDXIKLQ
GDVV GLH *HQGLDJQRVWLN LP 5DKPHQ GHU 0ROHNXODU$UFKlRORJLH HLQHQ ZHUWYROOHQ
%HLWUDJ ]XU .OlUXQJ GHU $EVWDPPXQJ GHU KHXWLJHQ +DXVULQGUDVVHQ YRQ LKUHQ
8UIRUPHQVRZLH]XSK\ORJHQHWLVFKHQ%H]LHKXQJHQ]ZLVFKHQLKQHQOHLVWHQNDQQ








6:$/9( + + 3HUVSHNWLYHQ LQ GHU 7LHUSURGXNWLRQ $XV GHU 6LFKW GHU =FKWXQJVZLVVHQVFKDIW
/DQGEDXIRUVFKXQJ9|ONHQURGH6RQGHUKHIW2636










DXI (QWVSUHFKHQG LKUHU ZLUWVFKDIWOLFKHQ %HGHXWXQJ GRPLQLHUHQ EHLP 0LOFKULQG GLH
3XEOLNDWLRQHQ]X*HQRPVFDQ*HQRPXQG.DQGLGDWHQJHQDQDO\VH47/.DUWLHUXQJ
47/ XQG /HLVWXQJVPHUNPDOHQ 0HUNPDOHQ GHU 0LOFKTXDOLWlW XQG GHU 0DVWLWLVUHVLV
WHQ] :DFKVWXP 6FKODFKWN|USHU]XVDPPHQVHW]XQJ XQG )OHLVFK]DUWKHLW VWHOOHQ EHL
GHQ)OHLVFKULQGUDVVHQGHQ+DXSWJHJHQVWDQGGHU8QWHUVXFKXQJHQGDU)RUVFKXQJV




Tabelle 46: 0ROHNXODUH *HQGLDJQRVWLN EHL TXDOLWDWLYHQ 0HUNPDOHQ XQG (UEIHKOHUQ
EHLP5LQGQDFK(5+$5'7EVRZLH6&+:(5,1E





























Nr. Gegenstand der Publikation Literatur 
 Genomscan, Genom- und Kandidatengenanalyse, QTL-Kartierung, 





































































































































































































































































Nr. Gegenstand der Publikation Literatur 
 &KDUDNWHULVLHUXQJ ERYLQHU DQWLEDNWHULHOOHU 3URWHLQH DXV GHU 6DSRVLQ
)DPLOLHDXV/\PSKR]\WHQ'1$
625',//2XD























































































(LQH (UNOlUXQJ IU GLH LQ GHQ 7DEHOOHQ  ELV  DXIJHIKUWHQ $ENU]XQJHQ LVW LQ GHU DQJHIKUWHQ
/LWHUDWXU LP*ORVVDU RGHU LQ GHU QDFKIROJHQGHQhEHUVLFKW ]X ILQGHQ%67 %RYLQHV6RPDWRWURSLQ
&616 1RPHQNODWXU%H]HLFKQXQJIUGDV$OSKD6&DVHLQ*HQ&;&5 1RPHQNODWXU%H]HLFK
QXQJ IUERYLQHV*HQ'*$7 'LDF\OJO\FHURO$F\OWUDQVIHUDVH(7/ HFRQRPLF WUDLW ORFL*$3'+ 
JO\FHUDOGHK\GHSKRVSKDWH GHK\GURJHQDVH *5+   :DFKVWXPVKRUPRQUH]HSWRU +(;$  
O\VRVRPDOHV (Q]\P +H[RVDPLGDVH $ /3$$7   /\VRSKRVSKDWLGLF $FLG $F\OWUDQVIHUDVH 0+&  





Nr. Gegenstand der Publikation Literatur 




























































































































































%$/$*8(5 6 $ 3(56+,1* 5 $ 52'5,*8(=6$//$%(55< & 7+$7&+(5 : : X





%(11(:,7= - ,QYHVWLJDWLRQ RQ 47/ DQDO\VLV ZLWK VSHFLDO HPSKDVLV RQ UHVDPSOLQJ WHFKQLTXHV
'LVVHUWDWLRQ 8QLYHUVLWlW .LHO 2002 6  6FKULIWHQUHLKH GHV ,QVWLWXWV IU 7LHU]XFKW XQG
7LHUKDOWXQJGHU&KULVWLDQ$OEUHFKWV8QLYHUVLWlW]X.LHO+HIW
%(11(:,7= -5(,16&+13$8/6 /22)7&.$83(%:(,0$11&(5+$5'7*
7+$//(5 * .h+1 & 6&+:(5,1 0 7+206(1 + 5(,1+$5'7 ) 5((176 5 X
.$/0(7KH'*$7.$0XWDWLRQ ,V1RW6ROHO\5HVSRQVLEOH IRU WKH0LON3URGXFWLRQ7UDLW
/RFXVRQWKH%RYLQH&KURPRVRPH-'DLU\6FL87
%(51$%8&&,8521&+,%%$6,5,&Ñ /3,5$==,'58(&$) /$&(7(5$1 X1$5
'21( $ $EXQGDQFH RI P51$ RI $SROLSRSURWHLQ % $SROLSRSURWHLQ ( DQG 0LFURVRPDO
7ULJO\FHULGH7UDQVIHU3URWHLQ LQ/LYHU IURP3HULSDUWXULHQW'DLU\&RZV-'DLU\6FL87 

%5$816&+:(,* 0 675$1=,1*(5 * X 38+$1 = $ 3YX,, 3&55)/3 WHVW IRU WKH ERYLQH
EHWDODFWRJOREXOLQ'DOOHOH$QLP*HQHW30





&+20'(- 6 .g1,* 6 7(6)$<( ' +g/.(5 0 0h//(5 + *,//(6 0 5,1*6 )




TXHQFLHV LQ 3RSXODWLRQV ZLWK 'LIIHUHQW 0LON 3HUIRUPDQFH $UEHLWVWDJXQJ '1$ 3RO\PRUSKLVPHQ
EHLP 0LOFKULQG DP  X  0lU]  LP 6HHKHLOEDG *UDDO0ULW] 6RQGHUGUXFN GHU
7DJXQJVEHLWUlJH 6FKULIWHQUHLKH GHV )RUVFKXQJVLQVWLWXWHV IU GLH %LRORJLH ODQGZLUWVFKDIWOLFKHU
1XW]WLHUH+HIW20006
&,7(.-5(+2879+5$'(&.$(%/$+29$%3$9.29$-X3$1,&.(/7KH%UHHGLQJ
9DOXHV RI *HUPDQ +ROVWHLQ 6LUHV LQ 5HODWLRQ WR WKH '*$7 O\VLQHDODQLQH 3RO\PRUSKLVP
.ROORTXLXPPROHNXODUJHQHWLVFKHXQGSK\VLRORJLVFKH0HUNPDOH LQGHU5LQGHU]XFKW)RUVFKXQJV
LQVWLWXWIUGLH%LRORJLHODQGZLUWVFKDIWOLFKHU1XW]WLHUH6FKULIWHQUHLKH+HIW2005D6
&,7(. - 5(+287 9 %/$+29$ % 3$9.29$ - X 3$1,&.( / 7KH *HQHWLF 'LYHUJHQFH
DPRQJ &DWWOH %UHHGV RQ &DQGLGDWH /RFL .ROORTXLXP PROHNXODUJHQHWLVFKH XQG SK\VLRORJLVFKH









'<%86 $ 6=$7.2:6.$ , &=(51,$:6.$3,$7.2:6.$ ( *5=(6,$. : :Ï-&,. -
5=(:8&.$ ( X =<&+ 6 3,7+LQI , JHQH SRO\PRUSKLVP DQG LWV DVVRFLDWLRQV ZLWK PLON
SURGXFWLRQWUDLWVLQSROLVK%ODFNDQG:KLWHFDWWOH$UFK7LHU]'XPPHUVWRUI47
'<%86 $ *5=(6,$. : .$0,(1,(&., + 6=$7.2:6.$ , 62%(. = %à$6=&=<. 3










EHLWUlJH 6FKULIWHQUHLKH GHV )RUVFKXQJVLQVWLWXWHV IU GLH %LRORJLH ODQGZLUWVFKDIWOLFKHU 1XW]WLHUH
+HIW20006
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Tabelle 49: 0ROHNXODUH *HQGLDJQRVWLN EHL TXDOLWDWLYHQ 0HUNPDOHQ XQG (UEIHKOHUQ
EHLP6FKZHLQQDFK(5+$5'7EVRZLH7H3$6XD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 Genomscan, Genom- und Kandidatengenanalyse, QTL-Kartie-






















Nr. Gegenstand der Publikation Literatur 
 47/IUUHSURGXNWLYH0HUNPDOHGHU6DX 52+5(5XD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 *HQRPLVFKH 6WUXNWXU XQG 1XNOHRWLGSRO\PRUSKLVPHQ GHV SRUFLQHQ
$JRXWL6LJQDO3URWHLQ*HQV$6,3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 .DQGLGDWHQJHQ$QDO\VH IU /RFL GLH:XUIJU|H XQG2YXODWLRQVUDWH
EHLP6FKZHLQEHHLQIOXVVHQ
/,19,//(XD
















 =XRUGQXQJ YRQ ]ZHL ,VRIRUPHQ GHU $03DNWLYLHUWHQ 3URWHLQNLQDVH









 .RQJHQLWDOH ,QJXLQDOKHUQLH EHLP 6FKZHLQ  *86% DOV IXQNWLRQHOO
SRVWLRQHOOHV.DQGLGDWHQJHQ
%(&.XD
 8QWHUVXFKXQJ YRQ .DQGLGDWHQJHQHQ DXI:XUIJU|H EHLP 6FKZHLQ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/LWHUDWXUEHUVLFKWXQGHLJHQH(UJHEQLVVH
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 (LQ 47//H[LNRQ XQG +LOIVPLWWHO IU 9HUJOHLFKH EHL 6FKZHLQHQ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3LJ47/'%
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 &KDUDNWHULVLHUXQJ GHV 3RO\PRUSKLVPXV XQG GHU 0XOWLSOH[(LJQXQJ













 9HUlQGHUWH 1LYHDXV YRQ &DOSDLQ LP /RQJLVVLPXVPXVNHO EHL QRU












 1HXH $OOHOH GHV &DOSDVWDWLQ*HQV XQG LKUH %H]LHKXQJ ]X )OHLVFK
TXDOLWlWVPHUNPDOHQ
&,2%$18XD




 Wachstum, Muskelbiologie, Knochenstabilität 








 3UlQDWDOH 5HJXODWLRQ GHU VH[XHOOHQ 'LIIHUHQ]LHUXQJ YRQ /XWHLQL
VLHUXQJVKRUPRQ XQG :DFKVWXPVKRUPRQ *HQH[SUHVVLRQ XQG 6H
NUHWLRQEHLP6FKZHLQ
3(75,ý
 1DFKZHLV YRQ 47/ IU %HZHJXQJ XQG 0HUNPDOHQ GLH PLW 2VWHR
FKRQGURVHYHUEXQGHQVLQGEHL/DUJH:KLWH[0HLVKDQ6FKZHLQHQ
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6FKZDU]EXQWHQ6FKZHLQ
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 8QWHUVFKLHGOLFK WUDQVNULELHUWH *HQH LP /RQJLVVLPXVPXVNHO YRQ
'XURFXQG7DR\XDQ6FKZHLQHQ
/,1XQG+68
 0LFURDUUD\$QDO\VH GHU:LUNXQJ YRQ 3KRVSKRU DXI GLH *HQH[SUHV
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48XD
 $QDO\VH GHV 0XVNHOWUDQVNULSWRPV GHU 5DVVHQ 'XURF XQG 3LHWUDLQ
ZlKUHQG GHU SUlQDWDOHQ %LOGXQJ GHV 6NHOHWWPXVNHOJHZHEHVPLWWHOV
0LNURDUUD\7HFKQRORJLH
7(3$6XD
 IMF - Fettansatz  
 *HQHWLVFKH9DULDQWHQ GHV+)$%3*HQV XQG LKU (LQIOXVV DXI GHQ
,0)*HKDOWVRZLH/HLVWXQJVPHUNPDOHEHLP6FKZHLQ
*(5%(16XD
 ([SUHVVLRQ XQG 3RO\PRUSKLVPHQ YRQ *HQHQ GLH ]XP ,0)*HKDOW
YRQ6FKZHLQHQLQ%H]LHKXQJVWHKHQ
&+(1XDD
 (LQIOX GHV 0HODQRFRUWLQ5H]HSWRUV DXI :DFKVWXP XQG )HWWHLQ
ODJHUXQJLQGHU)*HQHUDWLRQHLQHU0DQJDOLW]D[3LpWUDLQ.UHX]XQJ
0(,'71(5XD








GLH SDWHUQDOH XQG PDWHUQDOH .RPSRQHQWH YRQ )UXFKWEDUNHLWVPHUN
PDOHQEHLP6FKZHLQ
67(,1+(8(5




 'HU (LQIOXVV GHU gVWURJHQUH]HSWRUJHQRW\SHQ DXI :XUIJU|H XQG
3OD]HQWDPHUNPDOHZlKUHQGGHU7UlFKWLJNHLWLQ).UHX]XQJVVDXHQ
9$15(16XDE




 6FKlW]XQJ YRQ .DQGLGDWHQJHQHIIHNWHQ DXI GLH $Q]DKO OHEHQG JH
ERUHQHU)HUNHOEHL6DXHQXQG(EHUQGHU'HXWVFKHQ/DQGUDVVH
67(,1+(8(5XD
 '1$6DPPOXQJHQ YRQ.%(EHUQ XQG6WDPPVDXHQ GHU %DVLV]XFK
WHQMHW]WDXIEDXHQ
*g7=







 .RPSRQHQWHQ GHU:XUIJU|H EHL 6DXHQPLW XQWHUVFKLHGOLFKHQ 3UR
ODFWLQUH]HSWRUJHQRW\SHQ
9$15(16XD
 %HZHUWXQJ GHU *HQH[SUHVVLRQ EHL 6FKZHLQHQ GLH DXI JHVWHLJHUWH
5HSURGXNWLRQVOHLVWXQJVHOHNWLHUWZXUGHQ,,9RUGHUK\SRSK\VH
%(57$1,XD
 %HZHUWXQJ GHU *HQH[SUHVVLRQ EHL 6FKZHLQHQ GLH DXI JHVWHLJHUWH
5HSURGXNWLRQVOHLVWXQJVHOHNWLHUWZXUGHQ,2YDUIROOLNHO
*/$'1(<XD




 (LQ G\QDPLVFKHV 0RGHOO IU GLH 2YXODWLRQVUDWH EHOHJW HLQHQ (IIHNW











 ([SUHVVLRQ YRQ *HQHQ GLH LQ GLH 5HJXODWLRQ GHV =HOOXPVDW]HV 7+(,/XD
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 8QWHUVXFKXQJHQ EHU GLH $OOHOIUHTXHQ]HQ GHV )XFRV\OWUDQVIHUDVH
*HQVLQED\HULVFKHQ6FKZHLQHSRSXODWLRQHQ
)5,(6XQG*g7=
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4.2.4.3 Tierarten Schaf und Ziege 
*HQDQDO\WLVFKH 8QWHUVXFKXQJHQ ]X GHQ 7LHUDUWHQ 6FKDI XQG =LHJH VWHKHQ ELVKHU
KLQVLFKWOLFK LKUHU$Q]DKOKLQWHUGHQHQEHL5LQGHUQXQG6FKZHLQHQ]XUFN$XIJUXQG
GHU%HGHXWXQJGHU6FKDIXQG=LHJHQKDOWXQJLQDXHUHXURSlLVFKHQ/lQGHUQLVWDXFK
EHL GLHVHQ 7LHUDUWHQ PLW HLQHU UDVFKHQ =XQDKPH GHU PROHNXODUJHQHWLVFKHQ
*UXQGODJHQNHQQWQLVVH ]X UHFKQHQ'LH LQ HXURSlLVFKHQ/lQGHUQ EHJRQQHQH=XFKW
]XU6FUDSLH5HVLVWHQ]IKUWH]XHLQHP$QVWLHJGHUJHQGLDJQRVWLVFKHQ$UEHLWHQEHLP
6FKDI'LH7DEHOOHQ XQG YHUPLWWHOQ HLQHQhEHUEOLFN EHU GLH EHL GHQEHLGHQ
NOHLQHQ ODQGZLUWVFKDIWOLFK JHQXW]WHQ :LHGHUNlXHUQ EHDUEHLWHWHQ 7KHPHQ *HQRP
DQDO\VH XQG 6XFKH QDFK 47/ IU 0LOFKSURGXNWLRQV XQG 6FKODFKWN|USHUPHUNPDOH
0LOFKSURWHLQSRO\PRUSKLVPHQ%HLP6FKDIVLQGGLH(UJHEQLVVHGHUPROHNXODUHQ*HQ
GLDJQRVWLN ]XU 6FUDSLH XQG 3DUDVLWHQUHVLVWHQ] ]XU )UXFKWEDUNHLW VRZLH ]XU 0XV




Tabelle 51: 0ROHNXODUH *HQGLDJQRVWLN EHL TXDOLWDWLYHQ 0HUNPDOHQ XQG (UEIHKOHUQ
 EHLP6FKDIQDFK(5+$5'7E





Nr. Gegenstand der Publikation Literatur 
 Tierart Schaf  
 Genomscan, Genom- und Kandidatengenanalyse, QTL-Kartie-






 '1$)LQJHUSULQWV ]XU 8QWHUVXFKXQJ YRQ JHQHWLVFKHU 'LVWDQ] 9HU
ZDQGWVFKDIWXQG+HWHUR]\JRWLHJUDGEHL/HLQHVFKDIHQ
)$/*(XD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 (LQLJH 3UREOHPH XQG 3HUVSHNWLYHQ GHU =FKWXQJVIRUVFKXQJ EHLP
6FKDI3&53RO\PRUSKLVPHQ
:$66087+XD



































































 ([SUHVVLRQ GHV 3ULRQHQSURWHLQ*HQV LQ YHUVFKLHGHQHQ 6WDGLHQ GHU
























 *HQRW\SLVLHUXQJ GHU ȕ/DNWRJOREXOLQ$OOHOH $ XQG % EHL 6FKDIPLOFK
PLWWHOV3&5
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 0ROHNXODUJHQHWLVFKH 8QWHUVXFKXQJHQ ]XU NRQJHQLWDOHQ 0LNURSKWKDO
PLHEHLP7H[HOVFKDI
7(7(16XD
 Tierart Ziege 
 Genomscan, Genom- und Kandidatengenanalyse, QTL-Kartie-
rung, QTL und Leistungsmerkmale
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Nr. Gegenstand der Publikation Literatur 
 $OOHO & GHV &61 GRPLQLHUW EHL *HQRW\SLVLHUXQJ YRQ LWDOLHQLVFKHQ
=LHJHQUDVVHQ
&+(66$XD
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PROHNXODUJHQHWLVFKHQ 9HWHULQlUGLDJQRVWLN $EVFKQLWW  ILQGHQ VLFK ZHLWHUH
%HLVSLHOH IU JHQGLDJQRVWLVFKH 8QWHUVXFKXQJHQ EHLP 3IHUG *HQGLDJQRVWLVFKH
0HWKRGHQ ZHUGHQ DXFK EHL DQGHUHQ 1XW]WLHUHLQKXIHUQ (VHO 0DXOWLHU 0DXOSIHUG
HLQJHVHW]W,Q(XURSDUHFKQHQGLHVH$QZHQGXQJHQHKHU]XU=RRYHWHULQlUPHGL]LQ

Tabelle 53:  0ROHNXODUH *HQGLDJQRVWLN EHL TXDOLWDWLYHQ 0HUNPDOHQ XQG (UEIHKOHUQ
 EHLP3IHUGQDFK(5+$5'7E
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4.2.4.5 Tierart Huhn und sonstige Tierarten
(LQHhEHUVLFKW]XGHQJHQGLDJQRVWLVFKHQ8QWHUVXFKXQJHQEHL.DPHO+XKQ)LVFKHQ
XQGDQGHUHQELVKHUQLFKWJHVRQGHUWDXIJHIKUWHQ7LHUVSH]LHVJLEW7DEHOOHLQGHU
GLH $UEHLWHQ ]XU 7LHUDUW +XKQ E]Z ]X *HIOJHO XQG ]X )LVFKHQ LQIROJH GHUHQ
ZLUWVFKDIWOLFKHU%HGHXWXQJGRPLQLHUHQ'LH3XEOLNDWLRQHQ ]XU7LHUDUW0DXV UHFKQHQ
]XGHQ$UEHLWHQDQ0RGHOOWLHUHQXQGZHUGHQ LQ7DEHOOH QXU DXIJHIKUWZHLO GLH
(UJHEQLVVHDXFKIUGLH7LHUSURGXNWLRQYRQ,QWHUHVVHVLQG

Tabelle 55: %HLVSLHOH IU$QZHQGXQJGHU*HQGLDJQRVWLNEHLP+XKQXQGEHLVRQV
WLJHQ7LHUDUWHQ
Nr. Tierart Gegenstand der Publikation Literatur 

















 +XKQ PROHNXODUH3RO\PRUSKLVPHQXQG)LVFKJHUXFKLP+KQHUHL 5((6(
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+(,)(7= ( 0 )8/721 - ( 2¶68//,9$1 1 62//(5 0 X '(..(56 - & 0 ,QWHUYDO
PDSSLQJ RI 47/ IRU 0DUHN¶V GLVHDVH UHVLVWDQFH ZLWK VHOHFWLYH '1$ SRROLQJ LQ FURVVHV RI
FRPPHUFLDOOD\HUFKLFNHQOLQHV-$QLP6FL83D6XSSO$EVWUDFW
+(,)(7=(0)8/721-(2¶68//,9$11=+$2+'(..(56-&0X62//(50







.$33(/(5 6 5 +(8%(5*(5 & )$5$+ = X 38+$1 = ([SUHVVLRQ RI WKH 3HSWLGRJO\FDQ
5HFRJQLWLRQ3URWHLQ3*53LQWKH/DFWDWLQJ0DPPDU\*ODQG-'DLU\6FL87
.+$1* 1 7 . 0(11,&.(1 / -(11(1 ' 32168.6,/, 6 :,00(56 . X
6&+(//$1'(5.$QDO\VLVRI)$'6DVFDQGLGDWHJHQHIRUHJJ\RONIDWW\DFLGSURILOHVDQGȦ





'DKOHP 5HG IRZO SRSXODWLRQV HVWLPDWHG IURP '1$ ILQJHUSULQWV $UFK 7LHU] 'XPPHUVWRUI 40

0(<(5 -1 -(11(&.(16 , X +g567*(16&+:$5. * 9HUZHQGXQJ ELRFKHPLVFKHU XQG
PROHNXODUJHQHWLVFKHU0DUNHUEHL)LVFKHQ=FKWXQJVNXQGH726
028728.6,/9$10$085,6=X32:(5'0([SUHVVLRQRI WKHP\RVLQ OLJKWFKDLQV
DQG  LQ WKH GHYHORSLQJ IDVW PXVFOH RI JLOWKHDG VHD EUHDP 6SDUXV DXUDWD $UFK 7LHU]
'XPPHUVWRUI486SHFLDO,VVXH
3,1(17 7 :(,*(1' 6 7,(7=( 0 X 6,0,$1(5 + %LRGLYHUVLWlW LQQHUKDOE XQG ]ZLVFKHQ
















:,00(56 . 6FKlW]XQJ GHU *HQRPDQWHLOH EHL +KQHUQ YHUVFKLHGHQHU .UHX]XQJVVWXIHQ PLWWHOV
'1$)LQJHUSULQWLQJ'LVVHUWDWLRQ7HFKQLVFKH8QLYHUVLWlW%HUOLQ1994
:<62&., 0 %,1,1'$(021'6 2 5 3 )5,(6 5 X +$%(50$11 ) $ ,GHQWLILFDWLRQ RI









4.3 Gendiagnostik in der Futtermittelprüfung 
'LHVHU$EVFKQLWWZXUGHJHPHLQVDPPLWFrau Dr. Sabine Domey XQGHerrn Dr. Otto Jahn7KULQJHU
/DQGHVDQVWDOWIU/DQGZLUWVFKDIW6WDQGRUW-HQD5HIHUDW0LNURELRORJLHXQG*HQDQDO\WLNYHUIDVVW
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KHUJHVWHOOW (*92  *92 XQG GDUDXV KHUJHVWHOOWH 3URGXNWH ZHUGHQ LQ
GHU(8JHPl9HURUGQXQJ(*XQWHUVFKLHGOLFKEHZHUWHW7DEZREHL
GHU YRUJHJHEHQH6FKZHOOHQZHUW IU GDV )XWWHUPLWWHO XQG MHGHQ VHLQHU %HVWDQGWHLOH
JLOW

Tabelle 56: (LQWHLOXQJ YRQ *92 XQG GDUDXV KHUJHVWHOOWHU 3URGXNWH JHPl 92
(*QDFK(*(57XD
 Zulassungsstatus von GVO 































,62   VRZLH QDWLRQDOH 6WDQGDUGV QDFK   /0%* /  /
 /  /  /  'DUEHU





LPPHU DXFK HLQH4XDQWLIL]LHUXQJ HUIRUGHUOLFK1DFKZHLVSUREOHPH HUJHEHQ VLFK DXV
GHP WHLOZHLVHPDQJHOKDIWHP.HQQWQLVVWDQG ]X GHU %DVHQVHTXHQ] GHU HLQJHIJWHQ
7UDQVJHQHVRZLHGHUJHULQJHQ9HUIJEDUNHLWYRQJHHLJQHWHQJY5HIHUHQ]PDWHULDOLHQ
(LQH DOOJHPHLQH hEHUVLFKW ]XU *HQDQDO\WLN EHL 3IODQ]HQ JDE 5(,&+$5'7 
'HU DNWXHOOH6WDQG GHU1DFKZHLVDQDO\WLN EHL JY)XWWHUPLWWHOQ LVW GHP$UEHLWVSDSLHU
GHV $UEHLWVNUHLVHV 3&5$QDO\WLN GHU )DFKJUXSSH )XWWHUPLWWHO GHV 9'/8)$ ]X
HQWQHKPHQ(*(57XD

3&50HWKRGHQ HUP|JOLFKHQ HEHQVR GHQ DUWVSH]LILVFKHQ 1DFKZHLV YRQ 7LHU RGHU
)LVFKPHKO LQ )XWWHUPLWWHOQ PLW KRKHU (PSILQGOLFKNHLW 3UREOHPH EHUHLWHQ GDEHL
PLWXQWHU6SXUHQYRQ5LQGHU'1$LQGHQHLQJHVHW]WHQ5HDJHQ]LHQRGHU1DJHWLHUUHV
WH LP )XWWHU E]Z QDWUOLFKHU %HIDOO YRQ )XWWHUSIODQ]HQ PLW %OXPHQNRKOPRVDLNYLUXV
EHLP (LQVDW] YRQ XQVSH]LILVFKHQ 3ULPHUQ ,P )XWWHUPLWWHOVHNWRU NDQQ DXI GLH
NODVVLVFKH1DFKZHLVPHWKRGLNIU0LNURRUJDQLVPHQQRFKQLFKWYHU]LFKWHWZHUGHQGD
)XWWHU PLW DEJHVWRUEHQHQ SDWKRJHQHQ 02 GXUFKDXV DQ EHVWLPPWH 7LHUJUXSSHQ






EHL GHUJHJHQZlUWLJHQ*93$QDO\WLN EHIDVVHQVLFKPLW GHU*HQDQDO\WLNEHL JY
0DLVPLWGHUEHLJY6RMDERKQHQPLWGHPJOHLFK]HLWLJHQ1DFKZHLVYRQJY6RMD
XQG JY0DLV (LQH 9HU|IIHQWOLFKXQJ EH]LHKW VLFK DXI JY5DSV XQG EHL ZHLWHUHQ 
3XEOLNDWLRQHQIHKOWGLH$QJDEH]XU*93:HLWHUH/LWHUDWXU]LWDWHEHWUHIIHQ1DFKZHLV
PHWKRGHQYRQWLHULVFKHQ%HVWDQGWHLOHQRGHUGHU7LHUDUW LQ)XWWHUPLWWHOQE]Z LQ
7LHU .QRFKHQ XQG )LVFKPHKO  YRQ 76(%6(5LVLNRJHZHEH  VRZLH ]X GHQ
+LW]HEHKDQGOXQJVEHGLQJXQJHQYRQ7LHUPHKO+LQVLFKWOLFKGHU9HU|IIHQWOLFKXQJHQ
]XU *HQGLDJQRVWLN EHL 0LNURRUJDQLVPHQ ZLUG DXI GLH $EVFKQLWWH  XQG  GHU
/LWHUDWXUVWXGLHYHUZLHVHQ
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JY5DSV *6*706[5) .QRFKHQPHKO 1:*
JY=XFNHUUEH  %DNWHULHQ  2:
JY%DXPZROOH ,3&55& 9LUHQ QRFKRIIHQ
JY.DUWRIIHO  +HIHQ  2:
























YRQ JHQWHFKQLVFK YHUlQGHUWHQ )XWWHUPLWWHOQ $UEHLWVNUHLVHV 3&5$QDO\WLN GHU )DFKJUXSSH
)XWWHUPLWWHOGHV9'/8)$6WDQG20056$QODJHQ$ELV*
(*92 1U  9HURUGQXQJ (* 1U  GHV (XURSlLVFKHQ 3DUODPHQWHV XQG GHV
5DWHV YRP  6HSWHPEHU  EHU JHQHWLVFK YHUlQGHUWH /HEHQVPLWWHO XQG )XWWHUPLWWHO
$PWVEODWWGHU(XURSlLVFKHQ8QLRQ/YRP2003
5(,&+$5'7: *HQDQDO\WLN IU GLH 3IODQ]HQSURGXNWLRQ /DQGZLUWVFKDIW XQG /DQGVFKDIWVSIOHJH LQ
7KULQJHQ  6FKULIWHQUHLKH GHU 7KULQJHU /DQGHVDQVWDOW IU /DQGZLUWVFKDIW -DKUHVWDJXQJ
/DQGZLUWVFKDIW+HIW20006
QLFKW]LWLHUW
















GHWHFWLRQ RI 5RXQGXS 5HDG\ VR\D XVLQJ /DE&KLS WHFKQRORJ\ (XU )RRG 5HV 7HFKQRO 216

'(%52(5 6 +:$5' / - /, ; &+,77$5$1-$1 6 $WWHQXDWLRQ RI 3&5 LQKLELWLRQ LQ WKH
SUHVHQFHRISODQWFRPSRXQGVE\DGGLWLRQRI%/27721XFO$FLGV5HV23
(+/(56%675$8&+(*2/7=0.8%6&+':$*1(5+0$,'+2)+%(1',(.-
$33(/ % X %8+. +- 1DFKZHLV JHQWHFKQLVFKHU 9HUlQGHUXQJHQ LQ 0DLV PLWWHOV 3&5
%XQGHVJHVXQGKHLWVEO46
+$+1(1 6 2))(50$11 6 0,('/ % 5h*(5 % X 3(7(5+b16(/ & $XWRPDWHG '1$






+(51È1'(= 0 3/$ 0 (67(9( 7 35$7 6 38,*'20Ê1(&+ 3 X )(55$1'2 $ $
VSHFLILF UHDOWLPH TXDQWLWDWLYH 3&5 GHWHFWLRQ V\VWHP IRU HYHQW021 LQPDL]H <LHOG*DUG
EDVHGRQWKHWUDQVJHQHLQWHJUDWLRQVHTXHQFH7UDQVJHQLF5HVHDUFK12
+g+1(06$17,6,&5 X0(<(555HDOWLPHPXOWLSOH[3&5$Q DFFXUDWHPHWKRG IRU WKH
GHWHFWLRQDQGTXDQWLILFDWLRQRI6&D09SURPRWHULQJHQHWLFDOO\PRGLILHGPDL]HFRQWDLQLQJIRRG
(XU)RRG5HV7HFKQRO215
+2/&. $ 9$0 ',',(5-($1 / X 58', . 1XFOHDVH3&5 IRU TXDQWLWDWLYH HYHQWVSHFLILF













-$1.,(:,&= $ %52// + X =$5*21 - 7KH RIILFLDO PHWKRG IRU WKH GHWHFWLRQ RI JHQHWLFDOO\
PRGLILHGVR\EHDQV*HUPDQ)RRG$FW/0%*DVHPLTXDQWLWDWLYHVWXG\RIVHQVLWLYLW\OLPLWV















3$8/, 8 =,00(50$11 $ X +(00(5 : 0XOWLSOH[ 3&5 IRU WKH GHWHFWLRQ RI JHQHWLFDOO\
PRGLILHGIRRGV%J99+HIWH5














:,1'(/6 3 %(575$1' 6 '(3,&.(5 $ 02(16 : %2&.67$(/( ( X /226( 0










=,00(50$11 $ /h7+< - X 3$8/, 8 (YHQW VSHFLILF WUDQVJHQH GHWHFWLRQ LQ %W FRUQ E\
TXDQWLWDWLYH3&5DWWKHLQWHJUDWLRQVLWH/HEHQVP:LVV7HFKQRO33

Gendiagnostik zum Nachweis von tierischen Bestandteilen, Fischmehl sowie von BSE-
Risikogewebe in Futtermitteln: 
%(//$*$0%$ ) 025(77, 9 0 &20,1&,1, 6 X 9$/)5Ê ) ,GHQWLILFDWLRQ RI 6SHFLHV LQ






%277(52 0 7 '$/0$662 $ 18&(5$ ' 785, 5 0 526$7, 6 648$'521( 6
*25,$0X&,9(5$7'HYHORSPHQWRID3&5DVVD\ IRU WKHGHWHFWLRQRIDQLPDO WLVVXHV LQ
UXPLQDQWIHHGV-)RRG3URW66E
%52'0$113'X0225('6HQVLWLYHDQGVHPLTXDQWLWDWLYH7DT0DQUHDOWLPHSRO\PHUDVH
FKDLQ UHDFWLRQ V\VWHPV IRU WKH GHWHFWLRQ RI EHHI %RV WDXUXV DQG WKH GHWHFWLRQ RI WKH IDPLO\
0DPPDOLDLQIRRGDQGIHHG0HDW6FL65
&$/92 - + 52'(//$5 & =$5$*2=$ 3 X 267$ 5 %HHI DQG %RYLQH'HULYHG 0DWHULDO























.5&0$53X5(1&29$( ,GHQWLILFDWLRQRIERYLQHVSHFLILF'1$ LQ IHHGVWXIIV -)RRG3URW64

.5&0$53X5e1&29$( ,GHQWLILFDWLRQRI6SHFLHV6SHFLILF'1$ LQ)HHGVWXIIV -$JULF)RRG
&KHP51
/$+,)) 6 */(1121 0 2¶%5,(1 / /<1* - 60,7+ 7 0$+(5 0 X 6+,/721 1












11 $QDO\VH YRQ 5LQGHUEHVWDQGWHLOHQ 'DV *HQH6FDQ 3URGXNW %264XDQW )OHLVFKZLUWVFK 81
D6
3,1277,/%(//$*$0%$)3$5$77(56$92,1,*X'(//¶25729'HWHFWLRQRIFURVV
FRQWDPLQDWLRQ LQ IHHGVWXIIV 3UHVHQFH RI FRQVWLWXHQWV RI DQLPDO RULJLQ 9HWHULQDU\ 5HVHDUFK
&RPPXQLFDWLRQV27






+(51$1'(= 3 ( X 0$57,1 5 ,GHQWLILFDWLRQ RI JRRVH PXOH GXFN FKLFNHQ WXUNH\ DQG
VZLQHLQIRLHJUDVE\VSHFLHVVSHFLILFSRO\PHUDVHFKDLQUHDFWLRQ-$JULF)RRG&KHP51










0$768, + <$68( + 0,768+$6+, 7 .$:$6+,0$ 7 X 0$76802720 3&5
GHWHFWLRQ RI '1$V RI DQLPDO RULJLQ LQ IHHG E\ SULPHUV EDVHG RQ VHTXHQFHV RI VKRUW DQG ORQJ
LQWHUVSHUVHGUHSHWLWLYHHOHPHQWV%LRVFL%LRWHFKQRO%LRFKHP66
























Tabelle 58: %HLVSLHOH IU $QZHQGXQJ GHU*HQGLDJQRVWLN LQ GHUPROHNXODUHQ9HWH
ULQlUPHGL]LQEHLP1DFKZHLVYRQ0DVWLWLVHUUHJHUQ




































































































7DEHOOH IDVVW3XEOLNDWLRQHQGHU9HWHULQlUJHQGLDJQRVWLN ]X0\FREDNWHULHQ 3DUD
WXEHUNXORVHXQG&R[LHOODEDNWHULHQ4)LHEHU]XVDPPHQ(LQHSDUWLHOOHhEHUVFKQHL
GXQJPLWGHQ7DEHOOHQ]XUWLHU]FKWHULVFKHQ*HQGLDJQRVWLN LQ$EVFKQLWWVRZLH




 *HQWHFKQLN LQ GHU9HWHULQlUPHGL]LQ'HU%6(1DFKZHLV UHFKQHW  VRZHLW HU
DPOHEHQGHQ5LQGHUIROJW]XU9HWHULQlUGLDJQRVWLNYJONFN$,'E




Nr. Gegenstand der Publikation Literatur 
















































7DEHOOH  (LQH hEHUVLFKW ]X GHQ JHJHQZlUWLJHQ XQG ]XNQIWLJHQ $QZHQGXQJHQ




Tabelle 60: :HLWHUH %HLVSLHOH IU GLH YHWHULQlUPHGL]LQLVFKH *HQGLDJQRVWLN EHL
1XW]WLHUHQ
Nr. Tierart Gegenstand der Publikation Literatur 
  Veterinärmedizinische Untersuchungen  




















 6FKZHLQ 1DFKZHLVGHVSRUFLQHQ&LUFRYLUXV3&9PLWWHOV57'3&5 %2*1(5XD

  Veterinärmedizinische Untersuchungen  

















 3IHUG 'LHHTXLQHYLUDOH$UWHULWLVDNWXHOOVHLW-DKUHQ 1(8%$8(5XD
E
 3IHUG 0ROHNXODUJHQHWLVFKH$QDO\VHGHU/XIWVDFNW\PSDQLHEHLP3IHUG 63g77(5XD































Literatur zur Gendiagnostik in der molekularen Veterinärmedizin und der Tier-
ernährungsbiochemie 
7H[W
$,' %OXWWHVW ]XU )UKHUNHQQXQJ YRQ %6( QXW]HQ %HWULHEVZLUWVFKDIWOLFKH 1DFKULFKWHQ IU GLH
/DQGZLUWVFKDIW6465HIHUDW
















$172*12/, 0 & 6$/0$1 0 ' 75,$17,6 - +(51È1'(= - X .(()( 7 $ RQHWXEH
QHVWHG SRO\PHUDVH FKDLQ UHDFWLRQ IRU WKH GHWHFWLRQ RI 0\FREDFWHULXP ERYLV LQ VSLNHG PLON
VDPSOHV DQ HYDOXDWLRQ RI FRQFHQWUDWLRQ DQG O\WLF WHFKQLTXHV -RXUQDO RI 9HWHULQDU\ 'LDJQRVWLF
,QYHVWLJDWLRQ13
%5$'/(< $ - X *5((1 0 - $ VWXG\ RI WKH LQFLGHQFH DQG VLJQLILFDQFH RI LQWUDPDPPDU\
HQWHUREDFWHULDOLQIHFWLRQVDFTXLUHGGXULQJWKHGU\SHULRG-'DLU\6FL83
%287(73%28/$1*(5'*,//(7/9$1'(53/$66&+(1$&/266(75%85($8)
X /(.(8; 3 'HOD\HG 1HXWURSKLO $SRSWRVLV LQ %RYLQH 6XEFOLQLFDO 0DVWLWLV - 'DLU\ 6FL 87











,GHQWLILFDWLRQ RI VWUHSWRFRFFL LVRODWHG IURP YDULRXV VRXUFHVE\ GHWHUPLQDWLRQ RIFEI JHQH DQGRWKHU
&$03IDFWRUJHQHV&DQDGLDQ-RXUQDORI0LFURELRORJ\46
+$<0$1 % X +,567 5 'HYHORSPHQW RI D VHPLQHVWHG 3&5 IRU WKH LPSURYHG GHWHFWLRQ RI
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
,GHQWLILFDWLRQ DQG GLIIHUHQWLDWLRQ RI FRDJXODVHQHJDWLYH 6WDSK\ORFRFFXV DXUHXV E\ SRO\PHUDVH
FKDLQUHDFWLRQ-)RRG3URW60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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GHWHFWLRQ RI0\FRSODVPD DJDODFWLDH <HUVLQLD HQWHURFROLWLFD DQG$HURPRQDV K\GURSKLOD LQ UDZ
PLON0LOFKZLVV56
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0$16(//3'X%52:1,1**)0XOWLSOH[SRO\PHUDVHFKDLQUHDFWLRQDVVD\
IRU VLPXOWDQHRXV GHWHFWLRQ RI 6WDSK\ORFRFFXV DXUHXV DQG VWUHSWRFRFFDO FDXVHV RI ERYLQH
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3+8(.7(63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0XOWLSOH[SRO\PHUDVHFKDLQ
UHDFWLRQ DV D PDVWLWLV VFUHHQLQJ WHVW IRU 6WDSK\ORFRFFXV DXUHXV 6WUHSWRFRFFXV DJDODFWLDH







'HWHFWLRQ RI0\FRSODVPD ERYLV LQ 3UHVHUYDWLYH7UHDWHG )LHOG 0LON 6DPSOHV - 'DLU\ 6FL 84
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
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 'HWHFWLRQ RI
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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3&5 IRU GLIIHUHQWLDO LGHQWLILFDWLRQ RI 0\FREDFWHULXP ERYLV 0 DYLXP DQG 0 DYLXP VXEVS












EXUQHWLL LQ FRZ¶V PLON E\ 3&5HQ]\PHOLQNHG LPPXQRVRUEHQW DVVD\ FRPELQHG ZLWK D QRYHO
VDPSOHSUHSDUDWLRQPHWKRG$SSO(QYLURQP0LFURELRO63





67(3+$1 / %h+/(5 . X &257, 6 ,QFLGHQFH RI 0\FREDFWHULXP DYLXP VXEVSHFLHV







7DEHOOHWeitere Beispiele für die veterinärmedizinische Gendiagnostik bei Nutztieren
%$8(56$&+66*5266.8/%5,&+6(6&+0,'76:(1,*(5.,1'+(,163$1,(5
5%/80+X:2/)(=HLWOLFKHXQGUlXPOLFKH9HUlQGHUXQJHQGHUP51$3URILOHLPERYLQHQ
(QGRPHWULXP 9RUWUDJVWDJXQJ '*I= XQG *I7 DP  6HSWHPEHU 2004 LQ 5RVWRFN .XU]
IDVVXQJ&
%(1(7.$9%5$1'67b77(50+g*/(56X0g67/.(+9EHGLQJWHU$ERUWXVLQHLQHP
|VWHUUHLFKLVFKHQ 3IHUGHEHVWDQG PLW UHVSLUDWRULVFKHQ XQG QHXURORJLVFKHQ .UDQNKHLWVIlOOHQ
7LHUlU]WO8PVFKDX576








)(,&+7/%$8(5+8%(5 3 (LQIOXVV GHV0DMRU +LVWRFRPSDWLELOLW\&RPSOH[ 0+& DXI GLH 1HPD
WRGHQDQIlOOLJNHLWEHLP6FKDI'LVVHUWDWLRQ780QFKHQ2002
*5$%(5* X*$17(500DHGL9LVQD XQG&DSULQH$UWKULWLV(Q]HSKDOLWLV LQ'HXWVFKODQG 9RU
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'LDJQRVWLNYHUIDKUHQ7LHUlU]WO8PVFKDX
606
+(5,&+ 5 /$8.29È $ 675203)29È 9 5(9$-29È 9 /(9.87 0 X 3,67/ -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$0ROHFXODUGHILQLWLRQRI WKHERYLQHJUDQXORF\WRSDWK\V\QGURPH ,GHQWLILFDWLRQRIGHILFLHQF\RI WKH
0DF&'E&'JO\NRSURWHLQ$P-9HW5HV51




1(8%$8(5 $ (,1(0 - YRQ (,&++251 : X 267(55,('(5 1 '1$0XVWHU YRQ
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1DWO$FDG6FL86$89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63g77(5 $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 :,77( 3 :,77:(5 & %g1(.(5 & X ',67/ 2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0ROHNXODUJHQHWLVFKH$QDO\VH GHU /XIWVDFNW\PSDQLH EHLP3IHUG 9RUWUDJVWDJXQJ'*I= XQG*I7
DP6HSWHPEHU2004LQ5RVWRFN.XU]IDVVXQJ%
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1(:%2/'&-X),5.,16-/(YDOXDWLRQRID
5HDO7LPH 3&5 $VVD\ 4XDQWLI\LQJ WKH 5XPLQDO 3RRO 6L]H DQG 'XRGHQDO )ORZ RI 3URWR]RDO
1LWURJHQ-'DLU\6FL88
=$5/(1*$ ' 6 X +,**,16 - 3&5 DV D GLDJQRVWLF DQG TXDQWLWDWLYH WHFKQLTXH LQ YHWHULQDU\
SDUDVLWRORJ\9HW3DUDVLWRO101
=,(0$11 . 0ROHNXODUELRORJLH GHV 9LUXV GHU ,QIHNWL|VHQ /DU\QJRWUDFKHLWLV GHU +KQHU ,/79
'LVVHUWDWLRQ)8%HUOLQ1998 
 
4.5 Gendiagnostik für den Verbraucherschutz bei Rohware und  Lebens-
 mitteln tierischer Herkunft




=RRQRVHQ0RQLWRULQJ5LFKWOLQH (* LVW LQ 'HXWVFKODQG MlKUOLFK HLQ %HULFKW
EHUGHQ9HUODXIXQGGLH4XHOOHQYRQ=RRQRVHQ,QIHNWLRQHQ]XHUVWHOOHQ+$5781*
/HEHQVPLWWHOEHUZDFKXQJXQG9HUEUDXFKHUVFKXW]XPIDVVHQDEHU]DKOUHLFKH
ZHLWHUH $VSHNWH 1DFK 6DPPOXQJ XQG 6LFKWXQJ GHU /LWHUDWXU ]XU /HEHQVPLWWHO

























EUDXFKHU YRU SDWKRJHQHQ0LNURRUJDQLVPHQ EHL5RKZDUH XQG /HEHQV
PLWWHOQWLHULVFKHU+HUNXQIW


















3XEOLNDWLRQHQ GLH VLFKPLW GHP&ORVWULGLHQQDFKZHLV LP=XVDPPHQKDQJPLW GHU6SlWEOlKXQJEHL
.lVH EHIDVVHQ ZXUGHQ GHU 7DEHOOH  ]XJHRUGQHW ( FROL   (VFKHULFKLD FROL (+(&  
HQWHURKlPRUUKDJLVFKH(&ROL(3(& HQWHURSDWKRJHQH(FROL97(& YHURWR[LQELOGHQGH(FROL

:HLWHUH  3XEOLNDWLRQHQ ]X JHQGLDJQRVWLVFKHQ 1DFKZHLVYHUIDKUHQ IU SDWKRJHQH
0LNURRUJDQLVPHQ %DNWHULHQ 9LUHQ 3LO]H +HIHQ LQ /HEHQVPLWWHOQ ZHUGHQ LQ GHU
/LWHUDWXUDXIJHIKUWGLHMHQHUYRQ7DEHOOHQDFKIROJW'LHEHVRQGHUHQ0DWULFHVEHL
WLHULVFKHQ5RKSURGXNWHQ XQG /HEHQVPLWWHOQ HUIRUGHUQ RIW HLQH VSH]LHOOH 3UREHQDXI
EHUHLWXQJ XP HLQHQ '1$JHVWW]WHQ 0LNURRUJDQLVPHQQDFKZHLV IKUHQ ]X N|QQHQ
YJO /8&25( XD  -$&48,1 XD :8 XQG.$'2  .52:$6
 ,Q $QDORJLH ]XP 0LNURRUJDQLVPHQQDFKZHLV EHL )XWWHUPLWWHOQ EHVWHKW GDV
3UREOHP GDVV GLH *HQGLDJQRVWLN GHU]HLW QRFK QLFKW ]ZLVFKHQ WRWHQ XQG YHUPHK
UXQJVIlKLJHQOHEHQGHQ0LNURRUJDQLVPHQGLIIHUHQ]LHUHQNDQQ,P/HEHQVPLWWHOVHNWRU
LVW GLHVH 8QWHUVFKHLGXQJ QLFKW UHOHYDQW GD MHJOLFKHU JHVLFKHUWHU 1DFKZHLV HLQHU
.RQWDPLQDWLRQYRQ1DKUXQJPLW3DWKRJHQHQ]X.RQVHTXHQ]HQIKUW*HQGLDJQRVWLN
ZLUG DXFK ]XU (UIRUVFKXQJ GHU ,QIHNWLRQVPHFKDQLVPHQ KXPDQSDWKRJHQHU .HLPH
HLQJHVHW]W GLH YRQ /HEHQVPLWWHOQ WLHULVFKHQ 8UVSUXQJV KHUUKUHQ  9HU|IIHQW
OLFKXQJHQ

'LH 1XW]XQJ GHU *HQGLDJQRVWLN HUVWUHFNW VLFK QDWXUJHPl DXFK DXI 0LNURRUJDQLV
PHQ GLH EHL GHU 9HUDUEHLWXQJ WLHULVFKHU 5RKZDUH 0LOFK )OHLVFK ]X 1DKUXQJ DOV
+LOIVPLWWHO HLQJHVHW]W RGHU DOV 3URELRWLND ]XJHIJW ZHUGHQ (V GRPLQLHUHQ 3XEOL
NDWLRQHQ]X0LNURRUJDQLVPHQGLHEHLGHU.lVHIHUWLJXQJHUIRUGHUOLFKVLQG7DE

Tabelle 62: *HQGLDJQRVWLN EHL 0LNURRUJDQLVPHQ GLH ]XU 9HUDUEHLWXQJ WLHULVFKHU
5RKZDUHDOV+LOIVPLWWHOHLQJHVHW]WRGHUDOV3URELRWLND]XJHIJWZHUGHQ











ZLUG EHL /HEHQVPLWWHOQ WLHULVFKHU +HUNXQIW DXI JHQGLDJQRVWLVFKHP :HJH RIW GLH
7LHUDUWEHVWLPPWE]ZGLH$QZHVHQKHLWYRQ%HVWDQGWHLOHQ WUDQVJHQHU3IODQ]HQRGHU
WUDQVJHQHU )LVFKH QDFKJHZLHVHQ 7DE  $OV )ROJH GHU ODQGZLUWVFKDIWOLFKHQ
:LOGKDOWXQJRGHUGHV,PSRUWHVYRQ:LOGIOHLVFKHUJLEWVLFKIUGLH/HEHQVPLWWHODQDO\WLN
GLH $XIJDEH DXFK IU GLHVH 6SH]LHV 1DFKZHLVYHUIDKUHQ DXI GHU %DVLV YRQ













Literatur zur Gendiagnostik für den Verbraucherschutz bei Rohware und 






.52:$6 ' 3&5GLDJQRVWLVFKH 9HUIDKUHQ LQ GHU /HEHQVPLWWHODQDO\WLN GP] /EPLQG 0LOFKZ
0QFKHQ1266
/8&25( / $ &8//,621 0 $ X -$<.86 / $ ,PPRELOL]DWLRQ ZLWK PHWDO K\GUR[LGHV DV D
PHDQVWRFRQFHQWUDWHIRRGERUQHEDFWHULDIRUGHWHFWLRQE\FXOWXUDODQGPROHFXODUPHWKRGV$SSO
(QYLURQP0LFURELRO66




Gendiagnostik zur Detektion einer humanpathogenen mikrobiellen Belastung von Rohware 
und Lebensmitteln tierischer Herkunft: 
1. Arcobacter: 




+233(6(</(5 7 6 -$(*(5 % %2&.(/0$11 : 1225'0$1 : + *(,6 $ X
+(//(5 . - ,GHQWLILFDWLRQ DQG GLIIHUHQWLDWLRQ RI VSHFLHV DQG VWUDLQV RI $UWKUREDFWHU DQG
0LNUREDFWHULXPEDUNHUL LVRODWHG IURPVPHDUFKHHVHVZLWK$PSOLILHG5LERVRPDO'1$5HVWULFWLRQ
$QDO\VLV $5'5$ DQG SXOVHG ILHOG JHO HOHFWURSKRUHVLV 3)*( 6\VWHPDWLF DQG $SSOLHG
0LFURELRORJ\26

3. Bacillus cereus: 
$1'(56621 $ 69(16621 % &+5,67,$16621 $ X 5g11(5 8 &RPSDULVRQ EHWZHHQ
DXWRPDWLFULERW\SLQJDQGUDQGRPDPSOLILHGSRO\PRUSKLF'1$DQDO\VLVRI%DFLOOXVFHUHXVLVRODWHV
IURPGDLU\LQGXVWU\,QW-)RRG0LFURELRO47
.,0 < &=$-.$ - X %$77 &$ 'HYHORSPHQW RI D IOXRURJHQLF SUREHEDVHG 3&5 DVVD\ IRU
GHWHFWLRQRI%DFLOOXVFHUHXVLQQRQIDWGU\PLON$SSO(QYLURQP0LFURELRO66









+(50$1 / 9$(5(:,-&. 0 +(<1'5,&.; 0 X :$(6 * 0ROHFXODU FKDUDFWHUL]DWLRQ RI
%DFLOOXV VSRURWKHUPRGXUDQV DQG UHODWHG %DFLOOXV VSS LVRODWHG IURP UDZ PLON 0HGHGHOLQJHQ
)DFXOWHLW /DQGERXZNXQGLJH HQ 7RHJHSDVWH %LRORJLVFKH :HWHQVFKDSSHQ 8QLYHUVLWHLW *HQW 62
D










6(53( / *$//2 3 ),'$1=$ 1 6&$5$08==2 $ X )(1,=,$ ' 6LQJOHVWHSPHWKRG IRU






$/7(5 7 *h57/(5 0 )52(% $ *$8// ) X )(+/+$%(5 . &DPS\OREDFWHU MHMXQL











00 6SHFLILF GHWHFWLRQ DQG FRQILUPDWLRQ RI&DPS\OREDFWHU MHMXQL E\ '1$ K\EULGL]DWLRQ DQG
3&5$SSO(QYLURQP0LFURELRO63
2/,9(,5$ 7 & 5 0 %$5%87 6 X *5,)),7+6 0: 'HWHFWLRQ RI&DPS\OREDFWHU MHMXQL LQ
QDWXUDOO\FRQWDPLQDWHGFKLFNHQVNLQE\PHOWLQJSHDNDQDO\VLVRIDPSOLFRQVLQUHDOWLPH3&5,QW
-)RRG0LFURELRO104
67(3+$15 /87= & 67$000 X /,0$&+(5: 6FKODFKWK\JLHQHPRQLWRULQJ EHL *HIOJHO
9HUJOHLFK YRQ GUHL VSH]LILVFKHQ 0HWKRGHQ ]XP &DPS\OREDFWHUQDFKZHLV )OHLVFKZLUWVFK 81
6




)$&+3X3232))05'HWHFWLRQRIHQWHURWR[LJHQLF&ORVWULGLXPSHUIULQJHQV LQ IRRGDQG IHFDO
VDPSOHVZLWKDGXSOH[3&5DQGWKHVOLGHODWH[DJJOXWLQDWLRQWHVW$SSO(QYLURQP0LFURELRO63





8. Cryptosporidium parvum: 
', 3,172 $ X 7$17,//2 0 * 'LUHFW GHWHFWLRQ RI &U\SWRVSRULGLXP SDUYXP RRF\VWV E\







52'5Ë*8(= ( 0$57Ë1(= 0 , 0(',1$ 0 +(51È1'(= 3 ( X 52'5Ë*8(= - 0
'HWHFWLRQRIHQWHURFLQ$6SURGXFLQJGDLU\HQWHURFRFFLE\GRWEORWDQGFRORQ\K\EULGL]DWLRQ-
'DLU\5HV65
7h.(/ d ,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI HQWHURFLQ (- IURP (QWHURFRFFXV IDHFDOLV 0&
0LOFKZLVV59

10. Escherichia coli: 
%h/7( 0 +(&.g77(5 6 .(,/ 3 6&+8< & 0h//(5 $ X $/(.6,& 6




RI D 3&5PLFURSODWH FDSWXUH K\EULGL]DWLRQ PHWKRG IRU GLUHFW GHWHFWLRQ RI YHURWR[LJHQLF
(VFKHULFKLDFROLVWUDLQVLQDUWLILFLDOO\FRQWDPLQDWHGIRRGVDPSOHV,QW-)RRG0LFURELRO54

&2&2/,1 / 0$1=$12 0 &$1721, & X &20, * $ PXOWLSOH[3&5 PHWKRG WR GHWHFW
HQWHURKHPRUUKDJLF (+(& DQG HQWHURSDWKRJHQLF (3(& (VFKHULFKLD FROL LQ DUWLILFLDOO\
FRQWDPLQDWHGIRRGV,QW-+\J(QYLURQP+HDOWK203













0F.,//,3 - / -$<.86 / $ X '5$.( 0 $ $ FRPSDULVRQ RI PHWKRGV IRU WKH GHWHFWLRQ RI















ODELOH WR[LQ ,DQGKHDWVWDEOH WR[LQ ,,JHQHVRIHQWHURWR[LJHQLF(VFKHULFKLDFROL LQVNLPPLONDQG
SRUFLQHVWRRO-)RRG3URW61
:<665 X+2&.(1-2631DFKZHLV YRQHQWHURKlPRUUKDJLVFKHQ(VFKHULFKLDFROL (+(&DXI
5LQGHUVFKODFKWN|USHUQ)OHLVFKZLUWVFK79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11. Helicobacter pylori: 




12. Listeria monocytogenes: 
$$576 + - 0 +$.(08/'(5 / ( X +2() $ 0 $ YDQ *HQRPLF W\SLQJ RI /LVWHULD






RI SHUVLVWHQW DQG VSRUDGLF /LVWHULD PRQRF\WRJHQHV VWUDLQV E\ SXOVILHOG JHO HOHFWURSKRUHVLV
3)*( DQG DPSOLILHG IUDJPHQW OHQJWK SRO\PRUSKLVP $)/3 6\VWHPDWLF DQG $SSOLHG
0LFURELRORJ\26
%$16$/1 60F'21(// )+ < 60,7+$ $512/'* X ,%5$+,0*)0XOWLSOH[3&5
DVVD\IRUWKHURXWLQHGHWHFWLRQRI/LVWHULDLQIRRG,QW-)RRG0LFURELRO33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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
%$66/(5+$)/22'6-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0$50$52-.12555X%$77&$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%86&+ 8 /LVWHULHQ LQ /HEHQVPLWWHOQ  0ROHNXODUELRORJLVFKH 1DFKZHLVYHUIDKUHQ GP] /EPLQG
0LOFKZ0QFKHQ1256
&2&2/,1/5$176,28. ,$&80,1/&$1721,&X&20,*'LUHFW LGHQWLILFDWLRQ LQ IRRG
VDPSOHV RI /LVWHULD VSS DQG /LVWHULD PRQRF\WRJHQHV E\ PROHFXODU PHWKRGV $SSO (QYLURQP
0LFURELRO68
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 0HWKRGHQYHUJOHLFK ]XP 1DFKZHLV YRQ /
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 ./(,1 '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TXDQWLWDWLYH3&5DVVD\5HV0LFURELRO152
+(,1 , .5,60(5 + 5,(&. 3 X :$*1(5 0 (LQVDW] GHU 5HDO7LPH 3&5 ]XU UDVFKHQ


















HVWHUDVH W\SLQJ LQGLFDWH WKDW WKH SRSXODWLRQ RI /LVWHULD PRQRF\WRJHQHV VWUDLQV UHFRYHUHG IURP
FKHHVH DQG IURP SDWLHQWV ZLWK OLVWHULRVLV LQ %HOJLXP DUH GLIIHUHQW &DQDGLDQ -RXUQDO RI
0LFURELRORJ\47














6$%52:6., $ 67(3+$1 5 6&+2(1 5 X =<&+2:6.$ 0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
620(5/X.$6+,<$3&5PHWKRGEDVHGRQ6U51$VHTXHQFHIRUVLPXOWDQHRXVGHWHFWLRQRI
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 9HUJOHLFK YRQ GUHL 7HFKQLNHQ ]XU PROHNXODUHQ
'LIIHUHQ]LHUXQJ DXV /HEHQVPLWWHOQ VWDPPHQGHU XQG NOLQLVFKHU /LVWHULD6WlPPH 6LQJOH 6WUDQG
&RQIRUPDWLRQ 3RO\PRUSKLVPV 5DQGRP $PSOLILHG 3RO\PRUSKLF '1$ 3RO\PRUSKLVPV XQG 3XOV
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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:$*1(50:(%(5&7/(+1(5$$63(5*(5++(,67,1*(5+X%5$1'/(7KH
LQIOXHQFH RI FKHHVH PDWUL[ PLFURELDO IORUD DQG HQULFKPHQW EURWK RQ WKH GHWHFWLRQ RI /LVWHULD
PRQRF\WRJHQHVE\3&5DQGWKH9LGDVDVVD\0LOFKZLVV54
:$*1(5032'67$7=.</,&+7(167(,1/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13. Mycobacterium avium paratuberculosis (MAP):
,.21202328/26 - 3$9/,. , %$5726 0 69$6729$ 3 $<(/( : < 528%$/ 3
/8.$6 - &22. 1 X *$=28/, 0 'HWHFWLRQ RI 0\FREDFWHULXP DYLXP VXEVS
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(52/ , ./((5 - +,/'(%5$1'7 * X <857<(5, $ .RSSOXQJ YRQ LPPXQRPDJQHWLVFKHU
6HSDUDWLRQXQG3RO\PHUDVH.HWWHQUHDNWLRQ]XP6FKQHOOQDFKZHLVYRQ6DOPRQHOOHQLQ+DFNIOHLVFKXQG
*HIOJHOLQQHUHLHQ%HUOLQHUXQG0QFKHQHU7LHUlU]WOLFKH:RFKHQVFKULIW1126
(<,*25 $ &$5/, . 7 X 81$, & % ,PSOHPHQWDWLRQ RI UHDOWLPH 3&5 WR WHWUDWKLRQDWH EURWK
HQULFKPHQWVWHSRI6DOPRQHOODGHWHFWLRQLQSRXOWU\/HWWHUV$SSO0LFURELRO34
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GHU 3RO\PHUDVHNHWWHQUHDNWLRQ 3&5 ]XP1DFKZHLV XQG ]XU&KDUDNWHULVLHUXQJ YRQ 6KLJDWR[LQ
SURGX]LHUHQGHQ(VFKHULFKLDFROL 67(& LQ/HEHQVPLWWHOQ%HUOLQHUXQG0QFKHQHU7LHUlU]WOLFKH
:RFKHQVFKULIW1106
*$//,(1 3 5,&+7(5+ ./,(+ 7,000 .$5&++ /(+0$11 6 3(5/%(5* .:
7(8)(/3X3527='1DFKZHLVYRQ6KLJDWR[LQSURGX]LHUHQGHQ(VFKHULFKLDFROL67(&LQ
/HEHQVPLWWHOQXQG&KDUDNWHULVLHUXQJGHU,VRODWH)OHLVFKZLUWVFK79
*$//,(1 3 08&+ & 3(5/%(5* .: X 3527= ' 6XEW\SLVLHUXQJ YRQ VW[*HQHQ LQ
6KLJDWR[LQSURGX]LHUHQGHQ (VFKHULFKLD FROL 67(& 9RUNRPPHQ LQ /HEHQVPLWWHOQ XQG
.RUUHODWLRQHQ]XDQGHUHQ)DNWRUHQ)OHLVFKZLUWVFK796
*$//,(1 3 08&+ & 3(5/%(5* .: X 3527= ' (LQVDW] YRQ 1\ORQPHPEUDQHQ ]XU
VSH]LILVFKHQ ,VROLHUXQJ YRQ (VFKHULFKLD FROL 2 PLWWHOV '1$6RQGHQ XQG 3UIXQJ DXI 67(&
*UXSSHQ]XJHK|ULJNHLW%HUOLQHUXQG0QFKHQHU7LHUlU]WOLFKH:RFKHQ]HLWVFKULIW1126
*$//,(1 3 08&+ & 3(5/%(5* .: X 3527= ' 'LH %HVWLPPXQJ GHV SDV*HQV LQ
6KLJDWR[LQELOGHQGHQ (VFKHULFKLD FROL 67(& %HUOLQHU XQG 0QFKHQHU 7LHUlU]WOLFKH
:RFKHQ]HLWVFKULIW1126
*$//,(1 3 .$5&+ + 08&+ & 67(,15h&. + /(+0$11 6 7,00 0 5,&+7(5 +
3(5/%(5*.:X3527='6XEW\SLVLHUXQJYRQHDH*HQHQLQ6KLJDWR[LQSURGX]LHUHQGHQ
(VFKHULFKLDFROL67(&)OHLVFKZLUWVFK80
*$//,(1 3 67$+/ $ X %h/7( 0 (UJHEQLVVH HLQHV EXQGHVZHLWHQ 5LQJYHUVXFKV
6WDQGDUGLVLHUXQJ HLQHV PROHNXODUELRORJLVFKHQ 9HUIDKUHQV ]XU &KDUDNWHULVLHUXQJ 6KLJDWR[LQ
ELOGHQGHU(FROL67()OHLVFKZLUWVFK826
17. Staphylococcus-Stämme: 
%$11$5, 6 /$53(17*285*$8' 0 6,5$0, - 0,&+$8; 2 X /$53(17 -3
%HVWLPPXQJ YRQ 6WDSK\ORFRFFXV6WlPPHQ GXUFK 5$3'$QDO\VH XQG 3XOVIHOG*HOHOHNWURSKR





DSSURDFKHV WR TXDQWLI\ 6WDSK\ORFRFFXV DXUHXV FHOOV E\ UHDOWLPH TXDQWLWDWLYH 3&5 DQG
DSSOLFDWLRQVRIWKLVWHFKQLTXHIRUH[DPLQDWLRQRIFKHHVH$SSO(QYLURQP0LFURELRO67

-5*(16(1 + - 05. 7 X 559,. /0 7KH2FFXUHQFH RI6WDSK\ORFRFFXV DXUHXV RQ D
)DUPZLWK6PDOO6FDOH3URGXFWLRQRI5DZ0LON&KHHVH-'DLU\6FL88
1È-(5$6È1&+(= * 0$/'21$'252'5Ë*8(= 5 58Ë= 2/9(5$ 3 X 027$ '( /$














Weitere gendiagnostische Nachweisverfahren für pathogene Mikroorganismen (Bakterien, 
Viren, Pilze, Hefen) in Lebensmitteln:
$/9(6 5 7 GRV 6$1726 $ 7 X0$57,160 ) 'HWHFWLRQ RI KLVWDPLQHSURGXFLQJ EDFWHULD
XVLQJ SRO\PHUDVH FKDLQ UHDFWLRQ WHFKQLTXHV DQG '1$ SUREHV (XU )RRG 5HV 7HFKQRO 214

%$77&$0ROHFXODUGLDJQRVWLFVIRUGDLU\ERUQHSDWKRJHQV-'DLU\6FL80
%/(9(* 5,==277, / '(//$*/,2 ) X 7255,$1, 6 'HYHORSPHQW RI UHYHUVH WUDQVFULSWLRQ







/h&.( ) . X 7(1 %26&+ & 0|JOLFKNHLWHQ XQG *UHQ]HQ IU GHQ (LQVDW] GHU 3RO\PHUDVH
.HWWHQUHDNWLRQ ]XP1DFKZHLVXQG]XU7\SLVLHUXQJ OHEHQVPLWWHOK\JLHQLVFK UHOHYDQWHU%DNWHULHQ
'HXWVFKH/HEHQVPLWWHO5XQGVFKDX946






67(9(16 . $ X -$<.86 / $ 'LUHFW GHWHFWLRQ RI EDFWHULDO SDWKRJHQV LQ UHSUHVHQWDWLYH GDLU\
SURGXFWVXVLQJDFRPELQHGEDFWHULDOFRQFHQWUDWLRQ3&5DSSURDFK-$SSO0LFURELRO97 

9$1 '(5 0((5 - 5 =(33 . X (**(1 5 0RGHUQ PHWKRGV IRU WKH GHWHFWLRQ RI
PLFURRUJDQLVPVDQGWKHLUDFWLYLW\%,2:25/'3
:$*1(5 0 3272&1,. 7 /(+1(5 $ '(1** - 3/(66 3 X %5$1'/ ( $ WZR VWHS
PXOWLSOH[VHPLQHVWHG 3RO\PHUDVH &KDLQ 5HDFWLRQ DVVD\ PVQ 3&5 IRU WKH VLPXOWDQHRXV
LGHQWLILFDWLRQRIIRXUPDMRUIRRGERUQHSDWKRJHQV0LOFKZLVV55




Gendiagnostik zur Erforschung der Infektionsmechanismen humanpathogener Keime bei 
Lebensmitteln tierischen Ursprungs:
%85.+$5'7 6 X +(176&+.( - 'XUFK /HEHQVPLWWHO EHGLQJWH YLUDOH *DVWURHQWHULWLGHQ EHLP
0HQVFKHQ)OHLVFKZLUWVFK836
 
($7217 - X*$66210 -0ROHFXODU VFUHHQLQJRI(QWHURFRFFXV YLUXOHQFHGHWHUPLQDQWVDQG







RIPDFURSKDJH LQIHFWLRQ E\ JHQH H[SUHVVLRQ SURILOLQJ RI LQWUDFHOOXODU6DOPRQHOOD HQWHULFD0RO
0LFURELRO47
0h//(5 + 6&+:$5= %$ X -2+1( 5 1HXH $VSHNWH GHU 3DWKRJHQHVVH GHU 5RWDYLUXV
,QIHNWLRQ XQG P|JOLFKH .RQVHTXHQ]HQ IU GLH /HEHQVPLWWHOVLFKHUKHLW 7LHUlU]WO 8PVFKDX 59
6
7<1..<1(1 6 6,1*+ . 9 X 9$50$1(1 3 9DQFRP\FLQ UHVLVWDQFH IDFWRU RI/DFWREDFLOOXV
UKDPQRVXV ** LQ UHODWLRQ WR HQWHURFRFFDO YDQFRP\FLQ UHVLVWDQFH YDQ JHQHV ,QW - )RRG
0LFURELRO41
:$*1(500$'(51(5$X%5$1'/('HYHORSPHQWRIDPXOWLSOHSULPHU5$3'DVVD\DVD





Gendiagnostik bei Mikroorganismen, die bei der Verarbeitung tierischer Rohware als Hilfsmittel 
eingesetzt oder als Probiotika zugefügt werden sowie bei nichtpathogenen Mikroorganismen, 
welche die Endproduktqualität mindern: 
1. Bifidobakterien: 
*8(,021'( 0 '(/*$'2 6 0$<2 % 58$60$',('2 3 0$5*2//(6 $ X '( /26
5(<(6*$9,/$1 &* 9LDELOLW\ DQG GLYHUVLW\ RI SURELRWLF /DFWREDFLOOXV DQG %LILGREDFWHULXP
SRSXODWLRQV LQFOXGHG LQ FRPPHUFLDO IHUPHQWHGPLONV)RRG5HVHDUFK ,QWHUQDWLRQDO37 

.8//(1 0 - $0$11 0 0 2¶6+$8*+1(66< 0 - 2¶68//,9$1 ' - %867$ ) ) X








&+$*1$8' 30$&+,1,6 . &2877( / $ 0$5(&$7 $ X0(5&(1,(5 $ 5DSLG 3&5
EDVHGSURFHGXUHWRLGHQWLI\ODFWLFDFLGEDFWHULDDSSOLFDWLRQWRVL[FRPPRQ/DFWREDFLOOXVVSHFLHV
-RXUQDORI0LFURELRORJLFDO0HWKRGV44
&2&2/,1 /0$1=$120&$1721,& X&20,*'HYHORSPHQW RI D UDSLGPHWKRG IRU WKH
LGHQWLILFDWLRQ RI /DFWREDFLOOXV VSS LVRODWHG IURP QDWXUDOO\ IHUPHQWHG LWDOLDQ VDXVDJHV XVLQJ D
SRO\PHUDVH FKDLQ UHDFWLRQWHPSHUDWXUH JUDGLHQW JHO HOHFWURSKRUHVLV /HWW $SSO 0LFURELRO 30

&2&2/,1 / 5$176,28 . ,$&80,1 / 8562 5 &$1721, & X &20, * 6WXG\ RI WKH
HFRORJ\RIIUHVKVDXVDJHVDQGFKDUDFWHUL]DWLRQRISRSXODWLRQVRIODFWLVDFLGEDFWHULDE\PROHFXODU
PHWKRGV$SSO(QYLURQP0LFURELRO70
'(60$685(610$1*,1 ,&2552/(5' X*8e*8(10&KDUDFWHUL]DWLRQ RI ODFWRFRFFL
LVRODWHG IURP PLON SURGXFHG LQ WKH &DPHPEHUW UHJLRQ RI 1RUPDQG\ -RXUQDO RI $SSOLHG
0LFURELRORJ\85




)(167(5 . 0 3$5.,1 . / X 67((/( - / 1XFOHRWLGH 6HTXHQFLQJ 3XULILFDWLRQ DQG
%LRFKHPLFDO3URSHUWLHVRIDQ$U\OHVWHUDVHIURP/DFWREDFLOOXVFDVHL/,/$-'DLU\6FL86E

*,5$))$*X025$''1$SUREH IRU/DFWREDFLOOXVGHOEUXHFNLL VXEVS ODFWLV -'DLU\5HV66
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D
 
*,5$))$* X 1(9,$1, ( 'LIIHUHQW/DFWREDFLOOXV KHOYHWLFXV VWUDLQ SRSXODWLRQV GRPLQDWH GXULQJ
*UDQD3DGDQRFKHHVHPDNLQJ)RRG0LFURELRORJ\16E
.$:$, < 7$.$'$ + .2112 . 6$,72+ % .,7$=$:$ + 6$,72 7 1$.$-,0$ +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0,//6'$ )HUPHQWDWLRQ WHFKQRORJ\ 7KH/DFWLF$FLG%DFWHULD*HQRPH3URMHFW - )RRG6FL69
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0,<$02720 1$.$-,0$+08,*$, &: .,,<8.,$& X0,<$0272 7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
7,/6$/$7,0,6-b59, $ X $/$7266$9$ 7 'HYHORSPHQW RI ROLJRQXFOHRWLGH SULPHUV IURP 6
6U51$LQWHUJHQLFVHTXHQFHVIRULGHQWLI\LQJGLIIHUHQWGDLU\DQGSURELRWLFODFWLFDFLGEDFWHULDE\
3&5,QWHUQDWLRQDO-RXUQDORI)RRG0LFURELRORJ\35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'1$ ILQJHUSULQWLQJ RI WKHUPRSKLOLF ODFWLF DFLG EDFWHULD XVLQJ UHSHWLWLYH VHTXHQFHEDVHG
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


















%5,*,', 3 6:(11(1 ( 9,7$/, % 5266, 0 X 0$77(8==, ' 3&5 GHWHFWLRQ RI





/,&. 6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5. Thermophile Bakterien: 
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7. Mikroorganismen in Käse und anderen Milchprodukten: 
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8. Mikroorganismen in Wurst: 





Gendiagnostik zur Tierartidentifikation in Lebensmitteln - Milch und Milchprodukte: 
$/70$11 .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
/Ï3(=&$//(-$ , *21=È/(6 , )$-$5'2 9 52'5Ë*8(= 0 $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Gendiagnostik zur Tierartidentifikation in Lebensmitteln - Fleisch und Fleischprodukte: 
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%(+5(16 0 817+$1 0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 %8&++2/= 5 X /$786 1 1DFKZHLV YRQ
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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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DQDO\VLV SRO\PHUDVH FKDLQ UHDFWLRQ UHVWULFWLRQ IUDJPHQW OHQJWK SRO\PRUSKLVP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5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JLOW VDUGLQH 6DUGLQHOOD DXULWD E\ SRO\PHUDVH FKDLQ UHDFWLRQ VHTXHQFH RI WKHLU PLWRFKRQGULDO
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Gendiagnostik zur Identifizierung von Wildtieren: 
%52'0$11 3 ' 1,&+2/$6 * 6&+$/7(1%5$1' 3 X ,/* (& ,GHQWLI\LQJ XQNQRZQ JDPH











Gendiagnostik zum Nachweis der DNA von transgenen Pflanzen oder transgenen Tieren in 




'1$DQG WUDQVJHQLFSURWHLQDUHGHWHFWDEOH LQPXVFOH IURPVZLQH IHG5RXQGXS5HDG\VR\EHDQ
PHDO-$QLP6FL81





3+,3365+ '($9,//( ( 5 X0$'',621% & 'HWHFWLRQ RI 7UDQVJHQLF DQG(QGRJHQRXV
3ODQW'1$LQ5XPHQ)OXLG'XRGHQDO'LJHVWD0LON%ORRGDQG)HFHVRI/DFWDWLQJ'DLU\&RZV-
'DLU\6FL86
5(+%(,1 + '(9/,1 5 + X 5h**(%(5* + 'HWHFWLRQ RI D JHQHWLF DOWHUDWLRQ DQG VSHFLHV






5 Genanalytik bei Freizeit-, Haus-, Sport-, Wild- und Zootieren
*HQDQDO\WLVFKHXQGJHQGLDJQRVWLVFKH0HWKRGHQZHUGHQVHOEVWYHUVWlQGOLFKLP5DK
PHQ GHU ELRORJLVFKHQ *UXQGODJHQIRUVFKXQJ YRQ =XFKWRUJDQLVDWLRQHQ XQG LQ GHU
9HWHULQlUPHGL]LQ DXFK DXHUKDOE GHU 7LHUSURGXNWLRQ EHL )UHL]HLW +DXV 6SRUW
:LOG XQG =RRWLHUHQ JHQXW]W (LQ /LWHUDWXU]LWDW '(00(5 XD  EHU 8QWHU












9RQ GHQ  %HLWUlJHQ ]XU JHPHLQVDP GXUFKJHIKUWHQ 9RUWUDJVWDJXQJ GHU 'HXW
VFKHQ*HVHOOVFKDIW IU=FKWXQJVNXQGHH9XQGGHU*HVHOOVFKDIW IU7LHU]XFKWZLV
VHQVFKDIW DP  XQG  6HSWHPEHU  LQ %HUOLQ EHIDVVWHQ VLFK  PLW )RU
VFKXQJVHUJHEQLVVHQ GLH XQWHU GHU 1XW]XQJ GHU *HQDQDO\WLN E]Z *HQGLDJQRVWLN








 7UDQVJHQH /DQGWLHUH ZHUGHQ ]XU]HLW IDVW DXVVFKOLHOLFK LQ )RUVFKXQJVODERUD
WRULHQDOV0RGHOOWLHUHVRZLHDOV%LRUHDNWRUHQ]XU6\QWKHVHYRQ3URWHLQXQG3HS
WLGSKDUPDNDJHKDOWHQ
 :HLWHUH *UXQGODJHQXQWHUVXFKXQJHQ EHIDVVHQ VLFK PLW WUDQVJHQHQ 6FKZHLQHQ
DOVSRWHQ]LHOOHQ2UJDQOLHIHUDQWHQIU0HQVFKHQ




 7UDQVJHQH )LVFKH XQG WLHULVFKH %LRUHDNWRUHQ VWHKHQ NXU] YRU LKUHU =XODVVXQJ
XQG.RPPHU]LDOLVLHUXQJ




 'LH .ORQLHUXQJ ZLUG LQ =XNXQIW IU VR JHQDQQWH WUDQVJHQH )RXQGHUWLHUH GLH
ZLFKWLJVWH 5HSURGXNWLRQVWHFKQRORJLH GDUVWHOOHQ 'LH 9HUPHKUXQJ GHU )RXQGHU
JHQHUDWLRQPLWJOHLFKHP,QWHJUDWLRQVRUW([SUHVVLRQVPXVWHUXQGJOHLFKHU([SUHV
VLRQVLQWHQVLWlWHUIROJWEHUNODVVLVFKH=XFKWYHUIDKUHQ
 'LH )RUVFKXQJHQ DQ WUDQVJHQHQ 0RGHOOWLHUHQ VRZLH DQ WLHULVFKHQ *HQRPHQ
VFKDIIHQZHVHQWOLFKH9RUDXVVHW]XQJHQXPJHEUDXFKVIlKLJHWUDQVJHQH1XW]WLHUH
]XHU]HXJHQ
 'LH *HQWHFKQLN ZLUG LQ GHU 7LHUSURGXNWLRQ DXFK GXUFK GHQ (LQVDW] WUDQVJHQHU
)XWWHUPLWWHO RGHU =XVDW]VWRIIH VRZLH LP5DKPHQ GHU 9HWHULQlUPHGL]LQ EHU GLH
*HQWKHUDSLHXQGUHNRPELQDQWH,PSIVWRIIHZLUNVDP
 +LQVLFKWOLFK GHU GXUFK WUDQVJHQH ODQGZLUWVFKDIWOLFKH 1XW]WLHUH DXVJHKHQGHQ
5LVLNHQLVWQDFKGHPGHU]HLWLJHQ.HQQWQLVVWDQGXQGLQIROJHGHU)RUGHUXQJHQGHV
JHOWHQGHQ HXURSlLVFKHQ E]Z GHXWVFKHQ /HEHQVPLWWHO/)*% XQG*HQWHFKQLN
UHFKWHV QLFKW PLW QHJDWLYHQ )ROJHQ IU GHQ 9HUEUDXFKHU XQG GLH 8PZHOW ]X
UHFKQHQ(LQHP|JOLFKH*HIlKUGXQJGHU%LRWRSHJHKW YRQ WUDQVJHQHQ)LVFKHQ
9|JHOQ .OHLQVlXJHUQ ,QVHNWHQ XQG 1HPDWRGHQ DXV GLH QLFKW VWUHQJVWHQ
&RQWDLQPHQW%HGLQJXQJHQXQWHUOLHJHQRGHUQLFKWVWHULOVLQG
 
3UREOHPH N|QQHQ VLFK EHL GHU (LQIKUXQJ WUDQVJHQHU ODQGZLUWVFKDIWOLFKHU
1XW]WLHUH LQ GLH 3UD[LV KLQVLFKWOLFK GHU DJUDUVR]LRORJLVFKHQ )ROJHQ LKUHU ELRSD
WHQWUHFKWOLFKHQ$EVLFKHUXQJHUJHEHQ
 ,P *HJHQVDW] ]X WUDQVJHQHQ 3IODQ]HQ XQG 0LNURRUJDQLVPHQ ZHUGHQ EHL )RU
VFKXQJHQ]XWUDQVJHQHQ7LHUHQXPIDQJUHLFKHHWKLVFKH%HGHQNHQIRUPXOLHUWGLH
VLFKXQWHUDQGHUHPDXIGDV7LHUVFKXW]UHFKWEHUXIHQ
hEHU UHNRPELQDQWH(Q]\PHXQG=XVDW]VWRIIH RGHU WUDQVJHQH0LNURRUJDQLVPHQ
ZLUGGLH*HQWHFKQLN VFKRQ VHLW GHQQHXQ]LJHU -DKUHQEHL GHU9HUDUEHLWXQJ WLH





(LQH XPIDQJUHLFKH $QZHQGXQJ HUIlKUW GLH *HQDQDO\WLN LQ GHU 7LHUSURGXNWLRQ
GXUFKGLHLQWHQVLYHQ$UEHLWHQDQGHU$XINOlUXQJGHU1XW]WLHUJHQRPHVRZLHGXUFK
GLH *HQGLDJQRVWLN 'LH $XINOlUXQJ GHV *HQRPV GHU ZLFKWLJVWHQ 1XW]WLHUDUWHQ
ZLUGIUGLHQlFKVWHQIQI-DKUHHUZDUWHW
'LH *HQGLDJQRVWLN LVW HLQ IHVW HWDEOLHUWHU %HVWDQGWHLO LQ GHU 7LHU]XFKW 7LHUHU
QlKUXQJVELRFKHPLHXQG9HWHULQlUPHGL]LQ,KUH1XW]XQJHUIROJWEHUGLH$EVWDP
PXQJVNRQWUROOH XQG GLH +HUNXQIWVVLFKHUXQJ GLH 'LDJQRVWLN YRQ (UEIHKOHUQ
5HVLVWHQ]JHQHQ XQG $OOHOHQ YRQ /HLVWXQJVPHUNPDOHQ YRQ .UDQNKHLWVHUUHJHUQ
VRZLH GLH $XINOlUXQJ YRQ *HQH[SUHVVLRQ 6WRIIZHFKVHOOHLVWXQJHQ XQG KRUPR
QHOOHU 5HJXODWLRQ 'DEHL VWHKHQ YRU DOOHP GLH 7LHUDUWHQ 5LQG 6FKZHLQ 6FKDI
=LHJH 3IHUG DEHU DXFK 1XW]Y|JHO XQG )LVFKH LP 0LWWHOSXQNW YLHOHU 8QWHU
VXFKXQJHQ
'LH *HQGLDJQRVWLN LVW LQ]ZLVFKHQ HLQ IHVWHU %HVWDQGWHLO GHU .RQWUROOH YRQ
)XWWHUPLWWHOQ DXI $QWHLOH YRQ WUDQVJHQHQ 3IODQ]HQ 7LHU .QRFKHQ RGHU
)LVFKPHKORGHUDXIGLH.RQWDPLQDWLRQPLW0LNURRUJDQLVPHQ
'LH*HQGLDJQRVWLNVWHOOWHEHQVRHLQXQYHU]LFKWEDUHV+LOIVPLWWHOEHLGHU.RQWUROOH







0HKU DOV  VSH]LHOOH 3&50HWKRGHQ 51$'LDJQRVWLN 5HDOWLPH 3&5 XQG
'1$&KLSV UHSUlVHQWLHUHQ ]XU]HLW GLH 6SLW]HQWHFKQRORJLH DXI GHP *HELHW GHU
*HQGLDJQRVWLN
 ,QIROJH GHU VWDUN ZDFKVHQGHQ .HQQWQLVVH ]X GHQ 1XW]WLHUJHQRPHQ VRZLH ]XU
PROHNXODUELRORJLVFKHQ%DVLV]DKOUHLFKHU/HLVWXQJVPHUNPDOHXQG(UENUDQNKHLWHQ





%HULFKW /LWHUDWXUVWXGLH ]XP DNWXHOOHQ Stand der Anwendungen von Gentechnik 
und Genanalytik in der Tierproduktion
'LH /LWHUDWXUVWXGLH YHUVXFKW HLQHQ DNWXHOOHQ hEHUEOLFN ]XU $QZHQGXQJ YRQ *HQ
WHFKQLNXQGDQDO\WLNLQGHU7LHUSURGXNWLRQ]XJHEHQ$XHUDQJHQWHFKQLVFKYHUlQ
 
GHUWHQ 0RGHOOWLHUHQ IU GLH ELRPHGL]LQLVFKH )RUVFKXQJ XQG DQ 6FKZHLQHQ DOV






OHNWLRQ 7LHUSURGXNWLRQ XQG 9HWHULQlUPHGL]LQ QXW]HQ GLH *HQGLDJQRVWLN ]XU (UNHQ
QXQJ YRQ (UEIHKOHUQ YRQ SDWKRJHQ 0LNURRUJDQLVPHQ GHU $OOHOH YRQ /HLVWXQJV
PHUNPDOHQ VRZLH ]XP 6WXGLXP GHU *HQH[SUHVVLRQ 'LH ,GHQWLIL]LHUXQJ YRQ *92
VRZLHYRQ WLHULVFKHQ%HVWDQGWHLOHQ LQ)XWWHUPLWWHOQXQGYRQSDWKRJHQHQQW]OLFKHQ
RGHU TXDOLWlWVPLQGHUQGHQ0LNURRUJDQLVPHQ GHU7LHUDUW RGHU YRQ7LHULQGLYLGXHQEHL





7LWOH: $ VWXG\ RI OLWHUDWXUH DERXW the actual knowledge to the use of genetic 
engineering and nucleic acid analysis in animal production
,WLVWULHGLQWKHOLWHUDWXUHVWXG\WRJLYHDFXUUHQWVXPPDU\WRWKHDSSOLFDWLRQRIJHQHWLF
HQJLQHHULQJ DQG QXFOHLF DFLGEDVHG DQDO\WLFV LQ WKH DQLPDO SURGXFWLRQ 8QOHVV DW
PRGHODQLPDOVFKDQJHGJHQHWLFDOO\IRUWKHELRPHGLFDOUHVHDUFKDQGDWSLJVDVRUJDQ
VXSSOLHUVIRUWKH[HQRWUDQVSODQWDWLRQWKHUHVHDUFKLVFRQFHUQHGLQWHQVLYHO\WRDQLPDOV




DQDO\WLFV LV H[WHQVLYHO\ XVHG DW IDUP DQLPDOV WR GHWHUPLQH WKHLU JHQRPHV IRU
SDUHQWDJHFRQWURODQGRULJLQVDIHJXDUGLQJDQG WR WKHPDUNHUDLGHGVHOHFWLRQ'1$
EDVHG GLDJQRVWLFV LV DOVR XVHG E\ DQLPDO SURGXFWLRQ DQG YHWHULQDU\ PHGLFLQH WR
GHWHFW JHQHWLF GHIHFWV SDWKRJHQRXV PLFURRUJDQLVPV DOOHOHV RI SHUIRUPDQFH WUDLWV
DQGWRVWXG\WKHJHQHH[SUHVVLRQ$GGLWLRQDODSSOLFDWLRQVRIWKH'1$EDVHGDQDO\WLFV
LQ WKHHQYLURQPHQW RI WKHDQLPDO SURGXFWLRQ UHSUHVHQW WKH LGHQWLILFDWLRQRI*02RU






Anhangtabelle A1: Zeittafel der Gentechnologie - Teil I



































































Anhangtabelle A1: Zeittafel der Gentechnologie - Teil II 

























































4XHOOHQ 0,/(:6., 1 X (//(1'25)) ) *HQWHFKQRORJLVFKH $VSHNWH GHU (QGRNULQRORJLH GHU
5HSURGXNWLRQGHU/DNWDWLRQXQGGHV:DFKVWXPVLQGHU7LHUSURGXNWLRQ=FKWXQJVNXQGH61
6KWWSZZZLIJHQHRUJKLVWRU\KWPYRP.,567(-b6(576X'g5,1*
/(QWZLFNOXQJJHQWHFKQLVFKHU8QWHUVXFKXQJVPHWKRGHQGP]/EPLQG0LOFKZ0QFKHQ126
6VRZLH:,1.0X:(+5/(++UVJ3&5LPPHGL]LQLVFKHQXQGELRORJLVFKHQ/DERU
+DQGEXFKIU3UDNWLNHU*,79HUODJ*PE+19946
